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__Kedak reports to laboratories on: 


two sticky substances ...59 years of radiographic tricks ... dual 
wound recording paper : 


Mounting media 


If you needed a little extremely 
pure, low-ash gelatin tor 
mounting microtome sections 
from undecaleitied, plasticized 
bones to be autoradiographed 
(Stain Technology, 29, 225) 
and you had a frend who 
worked with gelatin all the 
ume, wouldn't you ask him to 
help you out? 

If you needed cellulose cap- 
rate to dissolve S0-50 in xylene 
to make a low-index histologi- 
cals mounting medium that 
shows up unstained specimens 
by Fresnel reflection a me- 
dium that sets more firmly, 
stays more inert: chemically, 
and doesnt drift; upward tn 
index like other mounting me- 
dia you have known and it 
you had a triend who kept all 
kinds of fatty acid esters of 
cellulose on hand to. expert- 
ment with, wouldn't you put 
the bee on him for a little? 

We are that friend. Being in 
the business of manufacturing 
photographic materials, we 
wallow both in gelatin and in 
cellulose esters 

Only, we have to for 
100 grams of Gelatin (Purithed, alt- 
skin) (hastman 1099) and 8S 60) for 
100 grams of Cellulose Caprate (Last- 
man P7137). pavable to Distillation 
Products Industries Rochester 4, 
NY (Division of Lastman) Kodak 
Company we the dam 
would burst, and we would lose se 
much money on processing the goods 
and the requests that we would have to 
give up ao stock of $900 
Fastman Organt) Chemicals for the 


world’s laboratorics, and that wouldn't 
do anybody any goad 


The soft x-ray 


Because so many protessional 
opinions On perodontoses, pel- 
ves, porosities, and the like 
are reached from observations 
on our x-ray film, we find our- 
selves with the resources to do 
litthe things for our friends, 
who are legion. 


This is one of a series of reports on the many products and services 
with which the Eastman Kodak Company and its divisions 


are... serving laboratories everywhere 


bor example, a bibhography 
on soft x-ray microscopy, mi- 
croradiography, electron radi- 
ography, and geometric x-ray 
mucroscopy.* It lists every pa- 
per and article on those sub- 
jects known to us, except that 
unlike our bibliographies of 
vitamin this is not anno- 
tated. The arrangement ts al- 
phabetical by authors, whether 
they be of the industrial, medi- 
cal, metallurgical, botanical, 
7oological, entomological, or 
fine arts persuasions or just 
plain physicists. 

The earliest reference was 
published April 13, 1896, tn 
Comptes rendus hebdomadaires 
des séances de T Académie des 
sciences by b. Ranwez under 
the title, “Application de la 
photographie par les rayons 
Rontgen aux recherches ana- 
lytiques des miatieres vége- 
tales.” The most) recent is 
dated August, 1955, and deals 
with electron radiography in 
the investigation of postage 
stamps. Among the 350-odd 
items that le between these 
two, you will find “Ueber 
Weichstrahlaufnahmen mit der 
Gleichspannungsmaschine 
“Trifas’ der Blektrizitatsgesell- 
schaft) “Sanitas’ (HL Chan- 
traine, Fortschritte auf dem Ge- 
hiete der Rontgenstrahlen ver- 
emigt mit Rontgenpraxis, 38 
§34-541, September, 1928) and 
(COB. 
Uo patio to- 
20° 397-408, 1948). 

Sending out free coptes of the mt 
crovadiosraphy bibliography ty cass 
for Lastman Kodak Company. X-ray 
Division, Rochester Well vo 
bevond that vow ll give us the de 
tatls of vour problem, we'll do our best 
to answer questions about the 
handling, and behavior of senstticed 
materials ine xpertmental 
work But vou wouldn't want us to do 
your rescarch for you, would vou’ 


*hor the casual reader 
Soft «rays are those of wavelength 


longer than about O25 Al They are 
castly absorbed that exceedingly 
thin of low-density matertals, quite 
transparent to the ordinary xrays of 
the healing arts. cast mformative 
shadows Hf the shadows are of mi 
croscopre details, if they are Caught 
on very fine-grain film in close con 
tact with the specimen. and af thas 
filo image greatly enlarged in 
printing, that ws microrudiography A 
switch in this technique is to use hard 
(Wavelength shorter than 
OOSO A) that can Knock electrons out 
of a sheet of lead and let ditherences 
incabsorption of the electrons by the 
various parts of the specimen tell the 
story on film Phas is electron radtoy 
raphy Stull another way of 
TH is to use a very 
tiny but intense xray source and 
keep itso close to the specimen that 
greatly enlarged sharp xray 
shadows on the film, which can then 
be even turther enlarged in proyection 
poioting Phas is geometric mi 
opy 


Two at a time 


Why not put up Kodak Lina- 
graph Paper ina dual winding 
to give an extra copy of an im- 
portant: oscillograph record? 
Why not balance the two emul- 
sions for equal density of the 
traces and make the top strip 
extra thin so that the bottom 
record comes out good and 
sharp? 

No reason why not) No reason why 
vou can't yet it just that way from your 


Kodak Industrial Dealer Sst ask for 
the new Kodak Paper 


Prices are subject 
to change with 
oul notice 
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FACTORS IN THE PATHOGENESIS OF PYELONEPHRITIS 


In 1916 Cabot and Crabtree made the following statement about bacterial 
infections of the kidney 


Whale itis almost terally true that a satistactory comprehension of the diseases of 


the genitourmary tract depends upon a clear appreciation of the nature and probable 


course of renal infection, there is no subject in which there is so little uniformity of 


opinion and so much confusion. The literature of the subject is) stupetying both in 


quantity and in complexity, and anyone who has attempted to master it will, we think, 


be convinced of the fact that atois more likely to contound than to enlighten the 
reader. 


In the succeeding forty years some progress has been made, the most 
mnportant bempy an appreciation of the long, indolent course which may be 
taken by this kind of disease. The misleading word “pyelitis” has been re 
placed by the more accurate “pyelonephritis,” and the tendency of the 
disease to cause serious destruction of the kidney is now well recognized. 


Furthermore, good evidence has been provided to ipleate pyelonephritis 


in the etiology of some forms of hypertension and some cases of toxemia of 
pregnancy. 

However, there is still much uncertainty and confision about the patho 
genesis of pyelonephritis, Problems which should be susceptible to study by 
accurate clinical observation or laboratory experiment remain: unsettled. An 
example is the ancient mystery as to whether bacteria reach the kidney by 
way of the blood stream, the lymphatics, or the urmary passages. Adequate 
information is lacking on the nucrobial population at various levels of the 
normal urmary tract. Although pyelonephritis is known to 
special frequeney in certain age periods and to be a common accompani 
ment of certain diseases and conditions, the causes of these 


occur wath 


as are 
ditheult to define, [tis not known whether the pyelonephritis of an infant 
should be regarded as the same disease as that which may be encountered in 
a patient with spinal cord transection, We do not know whether the course 
of pyelonephritis varies depending on the kind of causative micro organism, : 
or why infection occurs so much more commonly when there is obstruetion 
to urine flow. The risk of upper urmary tract ifection following eystitis 


cannot be stated, and, conversely, itis not known how often evstitis occurs 


* ensign Professor of Medicine: 
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as a sequel to kidney infection, It would be important to know how often 
such procedures as catheterization and cystoscopy lead to upper urmary 
tract infection, and also why treatment with potent antinuerobial agents 
only occasionally results im eradication of the infection, 

In preparing this article an attempt has been made to bring together and 
appraise many of the climeal observations and Jaboratory experiments 
which bear on questions such as those listed. Here and there the collected 
evidence seems adequate to permit the forming of a tentative conclusion, 
but more often the answer is still elusive, partly because no information is 
available and partly because the “data” are inadequate or undependable. 
Attention will be called to. certain peculiar features of this infectious 
process, [tas hoped that the material as presented here will not also be 
“stupefying” but wall instead help to define some of the problems and pro- 
vide stunulus for further productive studies of an immensely important 


disease 


SOME NOTEWORTHY FEATURES OF PYELONEPHRITIS AS AN INFECTIOUS PROCESS 


The micro-organisms commonly associated with pyelonephritis (1. coli, 
staphylococeus, enterococeus, ete.) are pathogens capable of producing acute 
pyogenic infections im many parts of the body. They are usually looked upon 
as extracellular parasites susceptible to phagocytosis and lacking any notable 
tendency to lurk in the tissues for long periods of time. Although at times 
pyelonephritis exhibits the characteristics of an acute pyogeme infection, its 
outstanding characteristics are indolence and extreme chromieity, compar- 
able to the usual behavior of pulmonary tuberculosis. Tt is not uncommon 
for this infection to proceed to a stage of severe renal damage without any 
preceding illness or disability which can be identified in retrospect as having 
been a mamfestation of acute pyelonephritis. The histological picture found 
nan established case is not typical of an acute pyogemie process or of a 
viral or pranulomatous disease; itis compatible, instead, with the indo 
clinical course of the disease: some cellular infiltrate, some scarring, but 
bacteria rarely demonstrable, 

Considering the fact that the responsible nuero organisms are usually 
susceptible on avo to the action of sulfonamides, mitrofurans, or antibiotics, 
the results of drug therapy an this disease are surprisingly poor, Only about 
10 per cent of cases of chrome pyelonephritis respond satisfactorily.” Con- 


sider, for example, the results in enterococeal infections of the urinary tract. 


The enterococens is susceptible to the combined effect of penicilin and 
streptomycin, these drugs appearing to have a bactericidal action im vivo as 
well as mm vitro. Nevertheless, enterococeal mfections of the uriary traet 


are eradicated only occasionally by this same supposedly bacterteidal com- 
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ination of antibiotics. Yet the factors responsible for the poor response to 
chemotherapy are not obvious. Inadequate blood supply does not seem 
likely since even the “searred” kidney is not the avascular structure we find 
na vegetation of bacterial endocarditis or the wall of a chrome draining 
sinus. As a surface on which phagocytosis can take place, the kiduey does 
not seem to share the defects noted on serous surfaces or an flaid media.” 
The indolence, chromeity, and resistance to chemotherapy bring up the 
question Whether the causative bacteria may at times lodge im some kind of 
shelter in the kidney, perhaps establishing a form of intracellular parasitism 
there. The very indolence of the infection may be partly responsible for the 
indifferent results of chemotherapy, since these agents are often most etfes 

tive When the nucro-organisms are in a stage of active multipheation 

Undoubtedly one of the important factors in the problem) of kidney 
Infections as the matter of frequent or almost continuous seeding of the 
kidney with fresh supphes of bacterta, All clinicians have experienced the 
frustration of watching an infection due to one kind of microbe subside, 
only to be superseded by infection due to another, leven with persistings 
infection due to, say I. eoh, there remains the possibilty that fresh strains 
not differentiable by common bacteriological methods are entering the 
picture from: time to time. Tt ois impossible to determine whether these 
changing bacterial populations represent new infections, or whether they 
are simply alterations in equilbrium whereby the suppression of one form 
permits growth of another, 

The interrelation between bacteria growing in the urine and bacterial 
Infection in the tissues of the kidney, ureters, and bladder is not understood, 
The question is often raised whether the am, im chemotherapy is eradication 
of the bacteria in the tissues or those in the urine. Prevailing opinion seems 
to emphasize the importance of directing treatment toward baeteria in the 
tissues, but this may not be correct, smee at may be necessary to prevent 
growth an both areas. Undoubtedly phagocytosis of micro organisms in 
urine is not very effective; this may be one of the factors which makes 
sterilization of the entire system so difficult, 

Of central importance is the role of obstructive uropathy in contributing 


to the occurrence and stubborn persistence of kidney infection. This prob- 


Jem wall be considered more detail later, though without fying 


answer, 


BACTERIOLOGY OF THE NORMAL URINARY TRACT 
The urethra, Whe meatus, being on the surface of the body, and contigar- 
ous with skin heavily populated with bacteria, naturally always has bacteria 


omits surface. We need more information, however, on the bacterial flora of 


é 
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the urethral canal. Textbooks of bacteriology usually state that it 1s nor- 
mally sterile or may contain a few micrococci, diphtheroids, ete., the scarcity 
of bacteria being attributed to the acidity of urine and its mechanical flush- 
ing effect. Actually, however, the presence of micro-organisms within the 
urethra is not at all unusual. Helmholz has reported recovery of bacteria at 
a depth of 5 em. in the urethras of 50 per cent of normal males.” Shackman 
and Messent report that the normal male urethra may contain “staphylo- 
cocel, Str. faecalis, diphtheroids, Bact. coli, Str. viridans and bacilli of the 
Proteus group.”" Leishman, testing only for 1. coli, found it in the urethras 
of 4 of 25 adult females. Hirshfeld et al. found bacteria of some kind in the 
urethras of about half of 114 normal pregnant women.” 

Oneds not justified, then, in assuming that a catheter or other instrument 


being iitroduced into the bladder is passing through a bacteria-free passage. 


(rine obtained from the bladder and upper urinary passages. Vhere are 
many reports on cultures of bladder urine atid ureteral urine, although most 
of these deal with patients in whom there had been some reason to suspect 
presence of urmary tract disease. For obvious reasons the data on normal 
subjects are insufficient, although several studies have been carried out on 
normal preynant women, The techniques of catheterization, of bacteriologi- 
cal procedure have varied considerably, as have the population groups 
studied. The’ surprising thing, however, is the frequency with which bac- 
teria have been found. The published reports from: various sources appear 
toindieate that one can expect bacteria in the urine of from 5 to 40 per cent 
of normal adult people who give no evidence or history of urinary tract 
disease.” According to Schulte” the “normal flora” of urine of normal 
human subjects, arranged inorder of frequency is “micrococeus, diph- 
theroids, strep. faecalis, alpha streptococeus, gamma streptococeus 


Staphylococeus albus, coh, A. aerogenes and Pseudomonas.” 

In evaluating these studies the possibility of false positive results due to 
contamination by introduced into the bladder urine during 
passage of catheter or cystoscope can never be eliminated positively. 
Helmholz and Milhkin™ found that even wath the most careful technique, 


including thorough washing of the meatus, they got positive cultures in 


bladder urine “one-half to two thirds’ of normal infants. Pheyv con 


cluded: “Chances of contamunation are so great that the presence of organ- 
isms in the urme does not prove, without further control, that they have 
come from the kidney.” Ina compilation of the results of urme cultures of 
normal pregnant women the meidence of positive results reported by dit 
ferent investigators varied from 13 to 74 per cent.” Ina similar study blad 


der urine was said to be “infected” in 43 of antepartum) women.” 
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Hundley et al compared bladder urine cultures of 50 normal women and 
50 pregnant women. Positive cultures were obtamed from 32 of the former 
and 22 of the latter group. However, Ie. coli was encountered im only 9 of 3 
the 54 positive cultures, most of the organisms found bemp ot doubtful 
pathogenicity, 1e., staphylococcus albus, streptococcus viridans,  diph- 
theroids, and yeasts. 

Studies such as those quoted would have provided more meanmyptul 
itormation i some rough quantitative test had been made. It is probable 
that up to 1,000 micro orgamsms may be found per ml. in normal urine, 
due to unavoidable contamination from the surface of the urethra during 
urination or catheterization, In active infection, however, the number of 
organisms is likely to be from many thousands to millions per mil. ofurime, 
A simple and practical quantitative bacteriological test is to examine a 
stained smear of the urine. Tf bacterial cells can easily be found by this 
method, at is safe to assume that more than 10,000 per milo are present 
Another useful procedure is to dilute the urime, say to 100 and te 
100,000, before inoculating culture media. Growth obtamed from the higher 
dilution would be indication of active infection, 


THE SOURCE OF BACTERIA WHICH INFECT THE URINARY TRACT 


There cannot be much doubt that the orpin of the mucro organisms 
Which cause pyelonephritis is in the flora of the intestinal tract. “This can 
confidently be inferred from: the bacteriology of pyeloneplinitis, since coli 
form bacilli are responsible for about SO per cent of early, uncompleated 
cases. Staphylococer, enterococer, Proteus, and Pseudomonas may also be 
found, especially in compheated cases of long standing, but these too prob- 
ably get to the kidney from the bowel. Story” compared Proteus strains 
from urine with Proteus from the same patients’ bowel contents and found 
most pairs from individual patients to be identical. Ele concluded that auto 
infection from the gut is the most frequent mechanism of Proteus urinary 
infections. Jensen reported that he could lower the meidence of compleating 
urinary infection following urological operative procedures by first reducing 


the bacterial content of the intestinal tract with antibioti therapy.” 


CONDITIONS AND DISEASES WHICH ARE ASSOCIATED WITH PYELONEPHRITIS 
Pyeclonephritis of young children. Although exact figures are not available 
there seems no question about a digh incidence of acute pyelonephritis in 
children between six months and three years of aye. tas generally apreed, 
too, that the disease is commoner in females than males, perhaps 3:1. This 


occurrence of pyelonephritis during the diaper period, when fecal coutami- 
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nation around the urethral meatus is hkely to occur, together with the 
higher incidence in females, has been thought to indicate that the pathway 
of infection in these cases is via the urethra. Female children would seem to 
be more susceptible because of the short length of the urethra and greater 
chance of soiling its meatus. As will be discussed later, this kind of pyelo- 
nephritis is very possibly an example of ascending urinary tract mfection, 

Its yenerally beheved that the pyelonephritis of infants has the same 
potentialities for chromeinty and serious complications as other forms of 
the disease.” ™ 


Pyclonephritis of pregnancy. Acute pyelonephritis occurs in about 2 per 
cent of pregnant women, usually during the second half of pregnancy. It is 
not an moonsequential mfeetion, probably beimp an etiologic factor some 


cases of toxenua,” and certainly bemp followed by chrome pyelonephritis, 


with all of its serious potentialities.” 

Many opinions have been expressed about the cause of the high incidence 
of pyelonephritis in pregnancy. The most obvious lead is the dilatation of 
the kidney pelves and ureters, demonstrable in most women after the third 
month and generally disappearing a few weeks after parturition. The dila- 
tation is more frequent and of greater extent on the right side. It involves 
the ureter only to the pelvie brim, that portion Iving within the true pelvis 
maintamimg normal caliber. 

The cause of ureteral dilatation in pregnancy has been discussed exten 
sively, Some have suggested that it is a matter of obstruction the 
pregnant uterus, since similar effects have been seen in patients with other 
large pelvic tumors. VPhe fact that the mpht ureter seems to be affected 
more than the left has been attributed to: (ay dextro-rotation of the uterus, 
(b) the wider angle at which the right ureter crosses the dae vessels, and 
(ce) protective cushion of the sigmoid colon overlying the deft ureter, 
Another possible cause of the ureteral dilatation which has been proposed is 
the great hypertrophy of the longitudinal sheath of miusele bundles at the 
lower end oof the ureter.” This, however, would easily explain the 

Iverment of the npht ureter or the fact that the dilatation is 
observed only above the pelvie bring, Another possibiity is that the ureteral 


dilatation as part of the atony that affects several smooth museled structures 


during Cuterus, colon, gallbladder). In support of this, 
and Mehane have found diminished amplitude of the ureteral peristaltic 
wave alter the third month of pregnaneyv reasonable conelusion, 


would be that atony of pregnaney, plus obstruction by the gravid uterus and 


the anatonneal factors whieh render the nght ureter more su ceptible are 


allinvolved in the changes which occur during pregnaney 
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Why does infection tend to occur in the kidneys under these cireum- 
stances? We must not forget that ureteral dilatation occurs nearly always, 
but pyelonephritis only once in 50 cases. The available information does not 
show the bladder urine in normal pregnant women to have more bacteria 
than the bladder urine of nonpregnant women™; the vesical irritability so 
common in pregnancy is not to be regarded as a manifestation of cystitis. 
There remain these possibilities: (a) Its said, but without any kind of 
support, that the constipation often present im pregnancy favors transport of 
enteric organisms from colon to the kidney via lymphatic anastomoses. The 
reasons for rejecting the likelihood of this pathway will be considered in 
detail Jater. Barksdale® reported that he could demonstrate vesico- 


ureteral reflux in some pregnant dogs, but not in normal or post-partum 


amimals. This might facilitate passage of bacteria from the lower to the 
upper urinary tract. (¢) A dormant imfection in the kidney may be aeti- 
vated in pregnancy, possibly because of unidentified factors associated wath 
pregnaney, comparable to the higher incidence of pollomyelitis, or possibly 
because of low-grade obstruction to the dramage of urime. That there 1s 
increased hydrostatic pressure in the atone dilated ureter is imedieated by 
the work of Hundley et al" who found that the ureteral and pelvie dilata 
tion could be reduced by allowing an ureteral catheter to remain in place for 
48-72 hours. (dy) Bacteria which happen to escape from the bowel may be 
carried to the kidney in the blood, and there find conditions suitable for 


growth and establishment of a new infection, as outhned under (ec). 


Diabetes melhitus. Urinary tract infection is commoner in diabeties than 
In nondiabetics, although precise data on this are lacking. Plarrison and 
Bailey searched for bacluria and pyuria in patients with diabetes 
melitus and in 50 control individuals of comparable age groups. “They 
found a higher incidence of both in the diabetic yroup.” Baldwin and Root 
discussed 86 cases of upper urinary tract infection in patients with diabetes 
melhtus observed in one cline over aS year period, 37 of which had termi 
nated in death, They were of the opinion that urmary tract infeetions im 
diabeties are more frequent, more protracted, and more serious im nature, 
They quote statistics based on autopsy examination indicating: that 200 per 
cent of the diabetic mdividuals show evidence of bacterial infection of the 
kidney, as compared with 4 per cent of nondiabetic persons. 

Necrotizing papilitis, a severe and fuliminating form of pyvelonepliritis 
much more likely to occur im the diabetic than the nondiabeti patient 
Iedmondson ef al” reported on SO cases of necrotizing: papillitis found in 
32.000 autopsies at the Los Angeles Hospital Twenty mine of the 


50 were encountered among S39 known cases of dchabetes mellitus in this 
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series, Whereas only 21 examples were found among the remainder, 1,023 of 
Whom had pyelonephritis. It as generally beheved that vascular disease 
assogiated with diabetes is an important factor contributing to the greater 
frequency of renal papillary necrosis in diabetic subjects. 

Why should pyelonephritis be more likely to oceur in the patient with 
diabetes mellitus 7 Possibilities which sugyest themselves are: (ay Patients 
with diabetes are generally beleved to be more susceptible to imfections, 
carbunecles, tuberculosis, mucormycosis, moniiiasis. They may have a 
sinular mereased susceptibility to kidney infection. Glyeosura may 
favor the growth of bacteria in the urine. (e) Catheterization is performed 
frequently im patients with diabetes, in the course of routine work-up and 
especially inc management of patients in severe acidosis. 

Obstructive lesions of the winary tract. The most obvious and probably 
Most unportant factor in the etiology of pyelonephritis 1s obstruction to the 
free flow of urine anywhere between the kidney pelvis and the urethral out- 
let. The kind of obstructing lesion varies with the age group: congenital 
anomahes im children, stone, inflammatory edema or stricture in all age 
groups, and tumors after middle age. 

The statistics on the relation between obstructive uropathy and infection 
are Mpressive. Campbell estimates that chronic urimary tract infection is 
20 times as frequent in children with anomalous urmary tracts as in normal 


clildren, Bells autopsy findings were that the obstructive type of pyelo 


nephritis is about 12 times as frequent as the nonobstructive type” Bell's 
data also indicate an apparent difference in incidence of infection depending 
on whether the obstruction is in the ureter (23 to 46 per cent) or in the 
bladder or urethra (61 to 83 per cent). He suggested that the difference in 
frequency of infection might be due to the fact that in low obstruction the 
bladder becomes distended and that this would tend to cause reflux of urine 
from bladder into ureter, There is, however, another and perhaps better, 
explanation, namely, that indwelling catheters and cystoscopic treatments 
are more frequently employed ino patients wath low obstruction. These 
therapeutic procedures may themselves be responsible for introducing the 
infection, 
The terms “stagnation” and “stasis” enjoy great favor when the relation- 
ship between obstruction and infection is being discussed. The analogy of 
the “stagnant mullpond and the swiftly-running brook” has been drawn, the 
impheation being that growth of bacteria in an inadequately draining reser- 
voir of urine provides a constant source of re-infection to the adjacent tis- 
sues of the urmary system. The concept of the evil influence of urimary 


stagnation is undoubtedly responsible for the common practice of “forcing 
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fluids” in urinary tract infection. No evidence could be found, however, 
that this is of curative value, although of course it may have some virtue in 
reducing dysunia and retarding stone formation. On the other hand, we all 
have seen many instances where large daily flow of urme has been obtamed 
In patients with incomplete obstruction, without affecting the existing infee 
tron, and conversely have seen infections subside quickly after reliet of 
obstruction whether fluids were “forced” or no. 

Campbell states that there is some evidence that in the presence of 
urinary tract obstruction there is perceptible reduction im the phagocytic 
activity of endothelial cells of renal capillaries.” Tt has not been possible to 
locate a detailed deseription of the work on which this statement was based, 

It is easy to demonstrate that ureteral obstruction increases susceptibility 
of the kidney to infection by bacteria which are myected imtravenously. The 
obstructed kidney usually becomes massively infected and progressively 
destroyed by pyogenic infection whereas the opposite kidney shows no evi- 
dence of infection. The best description of this phenomenon is that of 
Mallory, Crane, and edwards.“ These authors noted also that the progress 
of the acute infection could be halted simply by removing the ligature from 
the ureter. 

The relation between urmary obstruction and susceptibility to infection 
may be only another example of a general phenomenon, that tissues under 
increased hydrostatic pressure exhibit. dimunished resistance to pyogenic 
infection, For example, pyogenic infection is more common in any organ 
whose excretory duct is obstructed (gallbladder, salivary gland, pilomidal 
cyst, lacrimal sac, paranasal sinus, ete.). Several possibilities might be 
suggested: alteration in blood flow, alteration in’ lymph flow, diapedesis of 
leukocytes, efficiency of phagocytosis. 


Disturbances ino bladder innervation. Many disorders of the nervous 
system are associated with disturbance in bladder funetion and urinary 
tract infection, important examples bemp multiple sclerosis, 
diabetic neuropathy, tabes dorsalis, and spinal cord injury. 

The best information about the sequence of anatomical and finetional 
changes comes from studies of war veterans who sustained spinal cord 
injury and paraplegia. In special hospitals set up for the care of groups of 
such patients some helpful observations have been made, although there 


seem to be no good data on how soon after injury the first sign of kidney 


infection makes its appearance. Talbot and Bunts™ report on pyelographie 


and cystographic studies. In a group of 331 patients with paraplegia, 16 
were found to have developed significant hydronephrosis. Cystograms were 
done on 15 of the 16, and 10 of those were found to have vesico-ureteral 
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reflux. Thirteen of the 16 patients living at the time of their report had 
studies of renal funetion, and & of the 13 showed “serious renal WN pair- 
ment.” Ina later report from the same center™ Hutch and Bunts discuss the 
tine relationships between spinal cord injury and the appearance of radio- 
yraplic evidence of uropathy. They found that hydro-ureter and calyectasis 
mereased steadily during the first two years. Functional damage (judged 
hy excretory urography) is not marked for the first three years, but ts 
likely to merease rapidly after that time. Vesico-ureteral reflux also appears 
and imereases atter three years, paralleling the loss of renal function. At 
another center 56 of 238 (2307) paraplegic patients were found to have 
developed yesico-ureteral reflux.” 

‘Lhe forevomy observations seem to make a strong case for the importance 
of ascending infection in the pyelonephritis compheating neurogenic uropa- 
thy, the sequence of events beimp: retention— catheterization — cystitis 
vesico ureteral reflux—-pyelonephritis. 


Jatrogenic urinary tract infection. One of the most important questions 
that must be asked is how frequently some therapeutic or diagnostic pro- 
cedure such as catheterization or cystoscopy causes urinary tract mfection 7 
Catheterization is one of the commonest procedures ino medical practice 
today, Obstetricians, gynecologists, and urologists unhesitatingly do at as 
routine practice before a variety of pro edures, [tas carried out one or more 
times ina considerable proportion of postoperative patients. Indwelling 
catheters are often employed routinely im the management of unconscious 
patients. Clinical investigators leave catheters in the bladder during certain 
hands of renal funetion test, 

Opinions vary greatly on the danger of catheterization, The fact that no 
one would use an unsterie catheter or fail to make some gesture toward 
antisepsis mm cleaning the area around the meatus proves that some risk ts 
acknowledged, still the very frequency with which the procedure is done 
indicates that many chimerns beheve the danger to be small At the other 
extreme there are experienced chineians who regard the danger of cathetert- 
zation sufficient to require stringent indications for at. Certamly eystitis de 
veloping as a result of one or two postoperative catheterizations is no great 
rarity. Miarple’s study furnishes some information this THe 
catheterized TOO female patients ona medical ward service, employing strict 
aseplic and antiseptic techmique, but observed that four of dis patients 


developed urinary infections oye to three days later, 


In considering: this subject we should differentiate between simple 


catheterization and the amdwellng catheter. When the Jatter is used, the 


urethra as distended by a foreign body for days or weeks. “The response to 
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this is prodnetion of a sheath of mucopurulent exudate around the catheter, 
providing a splendid medium for growth of micro-organisms, of 
the bladder cavity ts almost inevitable under these circumstances,” and. is 
not prevented by irrigations or by “prophylactic” antibiotic therapy. As 
emphasized by Kass,” prophylactic antinotie therapy im such circumstances 
only serves to ensure that the infection will be caused by organisms not 
easily affected by available antimicrobial agents. 

Sunple catheterization does not seem to have allof the dangers associated 
with the indwelling catheter but, as has already been discussed, it) does 
carry some risk of introdncimy bacteria into the bladder, either from: errors 
In aseptic and antiseptic techniques or from: contamunation by bacteria lying 
in inaccessible parts of the urethra. Garrod et al have some data which they 
Interpret as indicating that) catheterization anereases the likelihood of 
enterococeal infection in patients with pre-existing: mfection.” 

Seandinavian workers have laid special stress on the danger of catheter 
zation, cystoscopy, ete. Mrskov, by typing: Klebsiella: strains isolated) from 
urinary infections of patients imone hospital, obtamed convineme evidence 
that cross-infection Was a common occurrence.” She suspected, but did net 
prove, that madequate steriization of catheters and other urologie instru 
ments was responsible. This view was endorsed by Landau and Quehterlony 
mn discussing findings. Ina later report, however, supuests 


that indwelling catheters may become fecally contaminated by the hands ot 


the individual patients.” Jensen’ reports that every one of Tb patients wath 


previously Sterile urine had bacteria urine within 48: hours “after 


Operation or darge istrumental mterference.” Jonsson and stated 


that “practically all’ patients wath prostatic disease or bladder tumor, 
requiring catheterization or indwelling catheter, became oifected during 
their stay in hospital, whereas the meimdence of infection in patients wath di 


orders catheterization, sucha cane 
vas comparatively low." is vowed by Palkier etal? 


‘ 
threat 


In agreement wat Ws finding” mentioned previo 


Is COMMONEL tier obstruction to Dhadder 


One further dane urethral 


transient bacterenn: have known simee the la 


cathete and sounds be followed 


ation of bacteremia, t 


from the older hterature 


Factors in 
than im patient Sith ureteral obstruction 
that the 
hnown that the fever is a mani¢s mechanism 
Jess bere sudden increase in tension of inflamed tissues around the urerira 
causing contamngy bacteria to flow am the direction of the 
stream. Powers summarized the literature on this subject im 1036. ineluding 
ome dnteresting quotations on “catheter lever” 
91 
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In view of the possibility that infection of the kidneys may take place via 
the blood stream, the bacteremia of urethral instrumentation probably 
represents one of the ways in which infection is transferred from lower to 
upper urinary tract. 

Hereditary pyelonephritis, One example of Iugh famihal incidence of 
pyelonephritis has been observed among a kindred in’ Utah.” About 50 
members had renal disease similar to the entity deseribed by Weiss and 
Parker,” but progressive insufficiency developed only in the males affected, 
Thus observation, although of interest, does not provide additional clues in 
respect to the problems under consideration here, 


SOME QUESTIONABLE ASSOCIATIONS 


eleute infectious diseases in children, Statements are occasionally encoun- 
tered to the effect that cluldren are hable to pyelonephritis following acute 
respiratory infection, otitis media, etc. There is actually no convinemy evi- 
dence of any such relationship, and indeed when we consider that children 
average half a dozen acute respiratory illnesses per year, it would be a 
practical unpossibility to obtam proof that the relationship exists. 

Piarrheal disease. Sclwwartz, m described an extraordinary. fre- 
quency of urethral and bladder contamination in infants, with diarrhea, 
especially in females.” Since that time there have been numerous statements 
about an increased incidence of urinary tract infection following diarrheal 
disease in ehildren. No conclusive data on this have yet been provided, and 
the possible relationship seems unproved as of now. It is interesting to note, 
however, that Leishman” found 19 urine cultures positive for Fé. coli among 
36 women with diarrheal disease, and only one positive among 16 men with 
diarrheal disease, None of those patients had pyuria or symptoms of urinary 
Infection, 


Constipation, The impression that constipation favors urinary tract infec- 
tion seems to have been widely entertained, but a definite correlation has 
not been demonstrated, indeed, one wonders how it ever could be, ino view 
of the frequency and indefimiteness of constipation as a symptom. A nega- 
tive correlation was obtamed by Leishman, who performed urine cultures 
ona group of 14 men and 40 women, all with “obstinate constipation.” The 
proportion of positive cultures was almost identical with that in his control 
groups. It would seem that for the present we should omut constipation 
from the list of factors in the pathogenesis of pyelonephritis. 


Birth trauma. The view that the relaxations which may follow birth 


trauma predispose to urimary tract infection seems to be only a climcal 
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Impression, almost impossible to substantiate or to disentangle from) such 
factors as catheterization, residuals of pyelonephritis of pregnancy, ete. In 
Marple’s study of 100 female medical patients” no evidence of a higher inei- 


dence of positive urine cultures associated with birth trauma was observed. 


“Honeymoon cystitis and pyelitis.” Gynecologists agree that symptoms of 
cystitis are not rare in women during the first few days of marriage. This 
Is ascribed in some way to the trauma of sexual intercourse. [tis not an 
easily studied entity, and the symptoms are probably not always due to 
infection, No evidence whatever was found to support the concept of 
“honeymoon pyelitis,” and this term should be abandoned. 


THE POSSIBLE PATHWAYS BY WHICH BACTERIA REACH THE KIDNEY 


Let us now consider some of the evidence pertaiming to the oft-debated 
problem: by what route do bacteria travel from the intestinal tract to the 
substance of the kidney? Medical iterature contains many strong: state 
ments of opimion, but there is stl nothing conclusive. Writers often seem: to 
have drawn unwarranted conclusions based upon a set of animal experi 
ments or some chieal observation on one form of pyelonephritis. To cite a 
recent example: Barnard, Story, and Root’ state that S51oof 52 patients whe 
were referred to a special cline for urmary tract infections in diabeties 
were women. They seem to regard this faet alone as reliable evidence that 
the imtial event im urinary tract infection is urethral contamination. Cabot 
and Crabtree’ in their masterful summary of the problem: im 1916 came out 
forcefully in favor of the hematogenous pathway of infection and indulged 
In some sarcasm regarding other points of view; yet they fell back on the 
following statement to explam the higher inemdence ino women: “In the 
adult female, we think, there can be no doubt that the large intestines are 
more favorable to the occurrence of bacihuria than om the male. Phere as as 
vet no adequate explanation of the greater frequency of these infeetions im 
the female child, but we think that existing evidence points to the view that 
this explanation will be found, not im the anatomueal pecubarities of the 


female urethra, but im the anatomical of the female mitestine.” 


Infection of the kidney by way of the lymphatics. 


(a) from the intestine directly to the kidney. Postulation of the Wipor- 


tance of this pathway of infection has been popular since the work of 
Tle demonstrated Iwniphatie connections between the 
appendix and cecum and the right kidney. ‘This faet has been cited re 
peatedly as a possible explanation for the preater frequency of right sided 


Upper urinary tract infection. However, it should be noted that. Franke 
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searched for, but failed to find, any similar lymphatic connection between 
the left kidney and the colon. While the night kidney is involved somewhat 
more frequently than the left, anatomical factors already discussed may 
account for the difference which is noted in pregnancy, 

If we assume that bacteria do sometimes pass from the bowel into the 
mitestinal Ty ac as the likelyhood that they will travel to the 
kidney in preference to the usual pathway into the para-aortic system and 
eventually ito the thoracie duet and thence to the carculating blood? The 
mere demonstration that dye injected: under pressure exposed channels of 
communication between the ascending colon and the right kidney does not 
prove that Ivmph from the bowel would ordinarily travel by such a path- 
way, and certainly does not explain left-sided or bilateral disease. Where 
lwinphatic obstruction exists, as in filariasis. chyle may appear i the urime, 


but this is certainly a rare event. 


(hy from the lower urinary tract. In Inany instances there appears to be 
infection in the bladder, urethra, and para-urethral structures for a variable 
period of time before there is a spread to the upper urinary tract. Several 
writers have suppested, therefore, that the course of events is first cystitis, 
then mugration of bacteria ate the rich Iwinphatie network of the lower 
Urinary tract, and by pertureteral lymphatic vessels to the kidneys, 

The weak pomt in this hypothess hes in the faet that direct Iviniphatie 
communication between the lower and upper urinary tracts has not been 
demonstrated convineingly, Sweet and Stewart and Eisendrath and Kahn" 
beheved that they had shown its existence im animals, but their principal 
evidence was lvinphocytic infiltration in the outer coats of the ureters fol- 
lowing moculation of bacterial culture into the bladder. As ported out by 
Bell, these changes may simply be due to ureteritis.” Eisendrath and Kahn 
made the wholly unwarranted assumption that. the possibility of blood 
streant transter of bacteria trom: bladder to kidney was ruled out by the fact 
that heart's blood culture was negative at the time of sacrifice of the animial, 
Winsbury White” ina most unconvincing, but frequently quoted, piece of 
work clamed that he had demonstrated passage of India ink particles from 
the ower to the upper urinary tract via lymphatic vessels in some animals, 
He pave so few details that one cannot now evaluate the possible loopholes 


or soundness of lis work. 


On anatomneal grounds it seems unhkely that there are direct lyinphatie 


commutmeations between the lower and upper urinary tracts, because there 


are no parallel channels of blood supply. The general rule is that Ivinphatie 


dramage of a region follows its blood supply and venous drainage. The 


artenes and veins of the urinary tract are segmentally distributed, even at 
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different levels of the ureters. Tt would be surprising, then, to find that the 
Iwinphaties run upward trom bladder to kidneys around the ureters. The 
spermatic and ovarian veins are in separate fascial sheaths having no close 
connection with the urethra or bladder. The excellent study of Machenzie 
and Wallace’ shows in fact that in rabbits dye particles imjeeted iito the 
uterine cervix, bladder wall, and ureter travel not toward the kidney Dut 
inte the common diac glands, thence upward along the aorta to the thoracre 
duct. Their findings contradict Winsbury-White’s. 


! 


Itappears untibely then, that the postulated pathivay from lower to upper 


urinary tract via the lymphatics exists at all 
Hematogenous, Vhe principal pomts for and agaist the blood stream as 


the principal pathway of kidney intection are as follows: 


(ay No one questions that coceal infections of the kidney develop as a 


result of hematogenous dissemination. Oftentimes no other anatomical 
possibility exists, as, for example, when renal cortical abscess develops 
subsequent to carbunele of the neck. 

(by dts usually assumed, although without much factual proof, that 
enterio bacteria must occasionally escape from the intestinal canal of the 
human bemyg, and be carried to the blood, via Iwinphaties. This would pro 
vide Opportumity for some of them to reach the substance of the ladney, 
where under favorable circumstances they might be able to establish imfee- 
tion. Actually, coliform: bacteria are not common “contammants’ of blood 
cultures of human beings, and their presence in the blood is seldom: noted in 
the absence of definite coliform: infection in the urmary tract or elsewhere, 
Furthermore, many experiments in animals have shown that only a small 
proportion of bacteria which are myected into the blood stream: are trapped 
by the kidneys. One night ask why, af enteric organisms are frequently 
disseminated in the blood, the principal tissues to suffer are the kidneys ? 

For the concept of infection by the path: normal intestinal traet 
dood kidney would hike to have a little more evidence 
that enterie bacteria do in faet get ito the blood stream: occasionally im 
healthy human beings 

(ey) Tt ean be accepted as proved beyond question that bacteria may reach 
the blood stream following instrumentation of the urethra. Bacterenna has 
been found ano a significant proportion of cases immediately after” the 
passage of a sound or eystoscope! This having been proved, one ais justified 
Incassuming that instrumentation may not always be required, and. that 
bacterenia may occur im the course of a lower urimary tract mfeetion ins a 
result of normal lymphatic dramage and perhaps augmented by 


as micturition or stramimy to defecate. 


i 
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On the whole, then, there can be little question that bacteria sometimes 
reach the kidney by the path: infected bladder or urethra—lymphatics— 
blood kidney. 

(d) It has been amply demonstrated that kidney infection can be induced 
in animals by bacteria injected into the blood stream. In the case of staphy- 
lococer and ©. renale” this occurs in previously normal kidneys. In the case 
of coliform: bacteria, however, in order to obtain kidney infection in a high 
proportion of experimental animals it 1s necessary to injure the kidney in 
some way first. The usual method employed is to obstruct the ureter. The 
same effect can be obtamed, however, by trauma to the kidney before 
moculating the bacteria!” 

(e) Some writers have poimted to the cortical distribution of lesions in 
early pyelonephritis as evidence favoring the hematogenous pathway of 
infection.” However, Kennedy, in what appears to be an important con- 
tribution,” says that itis futile to attempt to decide the portal of entry on 
the basis of distribution of lesions in the human kidney. He had the oppor- 
tunity to study the organs of four children who succumbed within a few 
days after the inception of acute pyelonephritis and found the lesions to be 
widespread in all of them. He carned out ammal experiments in which the 
bacteria were moculated intraureterally or intravenously and found that by 


the end of 48-72 hours the lesions in the two groups were indistinguishable, 


elscending infection. Cabot and Crabtree, before detaihny a series of 
objections to at, remarked in 1916 that “the theory that infections reach the 
hadney by direct extension from the lower urinary passages has acquired 
the digmity of old age and has been a widely held and attractive theory 
because of its extreme anatomic simpheity.”* Despite the arguments pre- 
sented by these writers the theory as still an attractive one, supported by a 
variety of clineal and experimental observations, 

The maim question im connection with the ascending pathway revolves 
about the possibilty of movement of bacteria out of the bladder ito the 
ureters and thence to the kidneys. Itoas generally accepted that) bacteria 
yan entry to the bladder most frequently by way of the urethra. We should, 
therefore, consider at this time the evidence on vesico-ureteral and ureteral 
reflux, 


Vesicoureteral reflux, Where is lack of agreement about the frequency 


with which reflux occurs in normal individuals. Many observers are im- 
pressed with the mechameal excellence of the vesico-ureteral valve, and 
belreve that itis rarely if ever incompetent. At autopsy the ureteral orifices 
are seldom found widely patent even in patients who have had obstruction 


to bladder emptying for some time, One urologist states that im 722 cysto- 
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grams reflux was never observed except in the presence of some other 
uropathy.* Another, however, says that he was able to demonstrate retlux 
in 2 of 43 children without known urologie disease.” Another reports that 
reflux was encountered in 3 of TO normal children and of an unstated 
number of normal adults. The various pieces of evidence on this subject up 
to 1944 were reviewed by Prather.” 

The employment of the “delayed” cystogramy’ * seems to be an improved 
way of demonstrating reflux when itas present. In this technique the bladder 
is filled with radio-opaque material, a picture is taken, the patient 1s allowed 
to get up and move about; a second exposure is made after 300 to 60 
minutes. In some imstances the second examination reveals retlus when the 
one done immediately after filling the bladder had not 

Considering that cystography is our only method of testing for reflux in 
the human bemg and that it willonly disclose a comparatively yross spilling 
sufficient to be visible in the x-ray film, it seems reasonable to suspect that 
escape of small quantities of urine from bladder into ureter may occur more 
frequently than can be detected, even in persons with normal urinary tracts. 
ror example, greater distension of the bladder can be achieved when it is 
yradually filled with urine than when fluid as rapidly introduced through the 
urethra, as ois done in cystography. The mechameal effectiveness of the 
valve undoubtedly depends on the long oblique course whieh the ureter 
takes through the bladder wall, but when the bladder becomes greatly dis- 
tended, the wall thins out, and the ureter must take a nearly perpendicular 
course, 

Reflux into the ureters is a fairly common finding in patients who have 
chrome unmary tract infection, even when the appearance of the ureteral 
orifices as seen through the cystoscope is normal Bumpus reviewed the 
records of 1,036 patients on whom eystography had been pertormed. He 
found that chrome reflux from bladder to ureters was demonstrated i & per 
cent of them. Pe suggested that reflux probably occurs because the intra 
vesical portion of the ureter as involved in inflammation and changes from 
ity normal easily compressible state to that of a tube. 
appears to be a plausible explanation of the lagh imeirdence of reflux in 
chrome urinary tract infection, and is perhaps the mechanism responsibls 
for extension of infection from the bladder to the kidneys in patients wath 


long standing: bladder mifection, eg., in paraplegic individuals wath imdwell 


catheters, One other possibility might conceivably play some part in thi 


relationship between urmary tract infection vesico ureteral reflux: 
individuals who already have incompetent valves develop upper tract 


infection because of this defective barrier, 
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Mention has already been made of the possibility that reflux may occur 
temporarily ino pregnancy. This suggestion, based upon observations in 
dogs, has not been substantiated in the case of human beings ; in fact, im one 
small series of cases tested for it, reflux was not found.” 

Studies on animals show that vesico-ureteral reflux does occur when the 
bladder is greatly distended, and the workers who have made these studies 
have concluded that this probably occurs in the human bemg and may be a 
significant factor in the etiology of pyelonephritis.” 


Ureteral reflux. Among the arguments against ascending infection are 
statements that spread of infection upward via the ureter would be pre 
vented by the effects of gravity and ureteral peristalsis. These arguments 
are not very convincing. Gravity would not oppose flow toward the kidney 
when the individual is lying in the recumbent position, A drop of thad can 
squirt fast and far through a collapsed tube, as ts observed, for example, 
when the last few drops of urme are expelled through the urethra at the 
end of micturition, orm the passage of dyes injected into lymphatic vessels. 
Korees which could provide this propulsion up the ureter might be con 
traction of the bladder or of the abdominal muscles during movement, 
coughing and straming. Pn ceystography, once the radiosopaque material 
gets by the uretero vesical junction it usually travels up to the renal pelvis 
Ina few seconds, 

As for the matter of peristalsis in the ureter, not enough mformation ts 
avatlable. The excellent acute experiments of Lapides” indicate that these 
structures are more or Jess autonomous, not affected by variety of 
pharmacological agents or the autonome nervous system. The only stimu 
lus which he found to be effective in stimulating forward peristalsis was the 
entry of flind from above. Reverse peristalsis has been observed, however, 
in the ureters of expernmental annals’; furthermore, the force of ureteral 
peristalsis can be overcome if the pressure from the bladder is) great 
enough.” Reverse peristalsis or retrograde flow must oceur at times im the 
human ureter, Stones have been observed to move from the lower ureter 


back up to the kidney pelvis m= suceessive x-ray examinations, loreign 


bodies introduced ito the bladder have been recovered from: the kidney 


pelvis.” and solid fecal material has appeared in the nephrectomy dramage 


of patients with uretero-colome anastomoses.” The frequency of tmiassive 


* Por, Charles Kleeman has observed what appeared to be imstanees of this in two 
healthy yvouny plysiciins serving as subjeets tor experiment 


velving severe diuresis 


In attempting to empty tl ladder iy at specatied intervals an uncomfortable over 
filling had developed thed sudden onset of severe painoain the flank 
and kidney region, promptly reheved by cmptyiny the bladder. It seems probable these 


are istanees of vesreo ureteral reflux due to overdistension of the bladder 
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infection of the kidney patients with uretero-colonic anastomoses ts 
further proof that infection can easily reach the kidney vie the ureter once 
the safeguard of a normal uretero-vesical valve has been sacrificed. 

fetus turn back now to a consideration of the evidence for and against 
the ascending pathway in the different conditions ginder which pyelonephra 
tis occurs, 

(ay The arguments against ascending infection are all levelled ayainst 
the likelhood of spread past the vesteo-ureteral valves and up the ureters, 
since it has always been more or less taken for granted that the portal of 
entry in eystitis is by way of the urethra 

(by) We have alre ady noted the vreater neyo oot aente pyelonephritis 
in femate children and the OP Ss hat tas related to preater chance of 
fecal soiling of the urethral meatus durmye the “diaper” pernod. The greater 
frequency of eystitis in adult females has also been noted. A related: ts 
that catheterization is carnmed out more frequently temales than males 
(except possibly in the older age groups). That catheterization carries some 
risk of eystitis cannot be demed. Yet women are otten catheterized “rou 
tinely’ an obstetrical and: gynecological procedures, and minch more tre 


quently than males to obtam urme tor culture or microscope 


(co) While the manifestations of acute pyelonephritis sometimes come on 
without preceding of tract mibection, pregmaney 
and in young children, we see many instances where eystitts precedes evi- 
pathic bladders and oan prostatie disease. Phere at as almost certam: that 
infection spreads from the bladder to the kidney. brome a practical stand 


dence of kidney initection for a considerable period of time, ego, im 


point this as perhiap the most thingy to recognize that bladder 


infection, not very serious an aitself, is dangerous as a precursor of pyelo- 


nephritis. Whether the route from bladder to kidney as via the ureter or 
the Iwimphaties and blood as less important 
(e) Phe ascending route appears less obviously the pathway of miteetion 


in pyelonephritis of pregnaney and the other mstances where signs of acute 


renal infection appear abruptly am a person who ha 


nary disorder and whose urmary tract appears normal dn these « 


had ne previews uri 


ase 
sviniptomis and signs of eystitis are absent or mania, present at all, 
they seem to be secondary to the kidney mifection. Leo ¢ vel cases on 


the basis of ascending infection one would have to postulate: (ry Pantry of 


bacteria into the bladder, de pite the bactermerdal aetion of the urethral 


mucosa and the mechanical barner of the bladder sphincter. Admitting: that 


all ot the nformation we have on the bactertology of “bladder urine’ 


rs sub 


ject to the error of possible contanunation by bacteria packed up trom the 
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lining of the urethra, it must be acknowledged that all workers have re- 
ported presence of bacteria in a formidable proportion of normal imdi- 
viduals. af we disregard organisms of doubtful pathogenicity it as 
perhaps significant that the incidence of I. coli in the “bladder urine” of 
antepartum women is 6 per cent or higher.” ™ Yet these are single samples ; 
perhaps repeated examination throughout the course of pregnancy would 
reveal Ie. coli in the bladder at one time or another in a much higher pro- 
portion of women, (11) Multiplication of bacteria in the bladder, without 
pyuria or dysuria. This is not difficult to conceive of, and David's work 
indicates that it can take place in dogs.” He found that instillation of I. colt 
ito the unobstructed, nontraumatized bladder did not cause development of 
a cellular exudate, but that organisms could be isolated from the bladder 
urine for as long as a month afterward. (iit) Passage through or around 
the uretero-vesical valve. Here we cannot fall back on chromic inflammation 
and stiffening of the intra-vesical portion of the ureter with reflux, or on 
chrome bladder distension thinning out the valve. Does this happen now 
and then when due to some circumptance an individual does not empty the 
bladder until it has been uncomfortably distended for a period of time? Or 
are there frequent small refluxes, so minute that they could never be 
detected by cystography Does the demonstrated abnormality function 
and tone of the ureters during pregnancy also include a small proportion of 
women lable to vesico-ureteral reflux 7 (iv) Progression up the ureter to 
the kidney. In a preceding section this subject was discussed, and some 
reasons were given for stating that ureteral peristalsis and gravity do not 
appear to be adequate safeguards against this possibility. 

Although the passage of bacteria from urethral meatus up to the kidney 
via the urinary passages is not the matter of “delightful simplicity” it 
appears to be at first glance, especially in persons without demonstrable 
disease of the urinary tract, it is certainly within the bounds of reasonable 
possibility, 


SUMMARY AND CONCLUSIONS 


Information derived from climeal observations or from: animal experi- 


ments Which may shed hght on factors of importance in the pathogenesis of 
pyelonephritis has been evaluated. 

Pyclonephritis has certain peculiarities as an infectious disease, Although 
the causative bacteria are regarded as extracellular parasites which ordi- 
narily provoke a purulent exudate, they seem capable in the kidney of 
establishing an infection of extraordinary chronicity. Although most of the 


causative bacteria are susceptible to one or more potent chemotherapeutic 


| 
100 
\ 


Factors in pathogenests of pyelonephritis | BEESON 


agents, the results of drug therapy are surprisingly poor, a fact not readily 
explainable on the basis of such factors as presence of pus, inadequate blood 
supply, or poor surface for phagocytosis. Lastly there is no good explana- 
tion for the well-recognized tendency of urinary obstruction to enhance the 
infectious process. Further study of these problems is needed, 

evaluation of clinical data on urinary tract infection is hampered) by 
certain sources of error: (1) Lack of quantitative data on urine cultures due 
to confusion as to the existence of infection or “contamination” by harmless 
flora of the urethral channel. (it) There is often no simple and reliable 
method of differentiating between infection of the lower and upper urinary 
tracts. (i) “Bladder urine” obtained by catheter may give a falsely positive 
culture because itis impossible to sterilize the urethral canal before passing 
a catheter through it. (iv) The chromeity of pyelonephritis, with remission 
and exacerbations, renders recopmition of the conditions associated with 
first attacks difficult in many instances. 

Acute pyelonephritis occurs with unusual frequency in early childhood 
and in pregnancy. 

Diseases in which there is an unusually high meidence of pyelonephritis 
include: (1) those wath interference with bladder immervation, (i) those 
with obstruction to urinary flow, and (iit) diabetes mellitus, 

Chlintcal impressions that it ts a compheation of respiratory or intestinal 
inflammation, constipation, or birth trauma lack convincing substantiation, 

The part plaved by catheterization and other instrumentation in causing 
infection of the urimary tract 1s discussed. There ts substantial evidence that 
this is one of the major factors in the etiology of urinary tract infection at 
the present time. There is, however, a regrettable lack of factual informa 
tion on these problems, the frequency with which simple catheteriza 
tion catises cystitis, and, in turn, the frequency with which eystitis leads to 
pyelonephritis. 

The theories offered as to the pathways by which enteric bacteria travel 
from the bowel to the kidney are discussed. The conclusion is reached that 
there ts little support for the idea that bacteria travel directly from) the 
intestine to the kidney in lymphatic vessels or that they are carried from the 
lower to the upper urmary tract in lymphatic vessels. [tis possible, indeed 
probable, that they sometimes pass from the bowel or the lower urinary 
tract into the lymphatic system and thence into the blood stream: and to the 
kidney. Tustrumentation of an infected lower tract is known to canse 


bacteremia, 


Ascending” infection, via the urinary passages, is almost certainly the 


method by which pyelonephritis oceurs in some conditions, notably neuro- 


~ 
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genic bladder disturbances and in diseases such as prostatic hypertrophy, 
where the bladder is chronically distended, 

evidence on the mechanism and occurrence of vesico-ureteral and 
ureteral reflux is considered, 


Stress is laid on the importance of bacterial contamination of the urinary 


bladder as a factor leading to the development of pyelonephritis. ‘This 


appears to be a subject deserving of careful consideration, since it is 


undoubtedly casier to prevent or to treat than pyelonephritis. 
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SERUM BUTANOL-EXTRACTABLE IODINES IN ABORTIONS{ 


INTRODUCTION 


Previous investigations suggest that certam women when pregnant are 
deficient in circulating thyroid hormone and that this deficieney ts assoc 
ated with a tendency to abortion. Using the serum iodine as an index of 
thyroid activity, Heimemann ef al" in 1048 carried out an investigation of 
the serum precipitable iodine (SPE) in pregnant women. The SPIs of 
approximately 75 normal non-pregnant women ranged from 38 to 78 
gamma per cent with a mean of 5.6 ¢ 1.3 gamma’ per cent. The concentra- 
tions of SPL in 29 normal pregnant women ranged between 6.2 and 11.2 
gamma per cent with an average of &4 gamma per cent. An imerease was 
noted as early as the third week of pregnaney and subsided) within: two 
weeks after delivery. These values, which otherwise would be indicative of 
hyperthyroidism, are physiological for pregnaney? wath the rise 
antedating the elevation of the basal metabolic rate. In some patients who 
threatened to abort or who actually aborted, the SPL ranged between 2.8 
and 5.8 gamma per cent. Thus at appeared that if the SPI did not. rise 
before the sixteenth week of vestation, abortion was likely to occur. Some 


evidence was presented that the administration of desiceated thyroid might 


diminish the tendency to abortion. Results of further investigations” @™ 
were similar, but that an abortion regularly follows low concentration of 
circulating thyroxine lke iodine compounds has not) been conelusively 
demonstrated, 

With regard to the effect of overactivity of the thyroid on the pregnant 
state, Hememann ef al noted that hyperthyroidism in four of the pregnant 
women in their study was easily controlled and pregnancy maintained with 
Lugol’s solution alone or in conjunction with small amounts of thiourea. 


Peters et.al are also of the opinion that the course of pregnaney is normal 


* Intern, Detroit Receiving Hospital Detroit, Michigan 

¢ Research Associate in Medicine, Yale University School of Medicine 

¢ The maternal here presented is taken from the thesis of James Lum submitted to 
the Faculty of the School of Medicine in 1955 in partial fulfillment of the requirements 
for the degree of Doctor of Medicine. Aided by a grant from the United States Pubhe 
Health Service 

Recewed for publication June 24, 1955 


YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 


28, November 1955 


in the hyperthyroid woman ade« uately treated medically. opinion 1s 
y] | ] 


yencrally acce pted at the present time 


The present paper deals with the butanol extractable iodines (BETS) of 
26 women who aborted and of two patients who threatened to abort. | 


“arher 
work from thi laboratory involved SPIs, which are sometimes < 


puriously 
laugh after ingestion of organic wodine, but meluded only a few measure 
ments of thyroxine like iodine compounds in serum of pregnant women and 
of those who aborted 


METHOD AND MATERIALS 


The subjects were 28 women admitted on the pynecological service of the ¢ 
New Haven Community Hospital because they had aborted 
Two of the patients did not abort. and the Bleds of these 
they were threatenmp to dos 


The aye 


iTace- 
or threatened te abort 
women were determined when 
o. All except one of the 26 abortrons Were spontaneou 
of these 28 subjects ranged from 18 to 4] years 


Upon admission, physical examinations and detailed histones were made 


with special 
relerence to thyroid abnormality, previous obstetrical | 


eeriormance, and the occurrence 


of vaginal bleeding: and cramps earlier the course of the present prepgnaney. The 


were Investigated to determine the possibility of 
actually occurred prior te hospitalization. 


latter symptom an abortion having 
was also checked by comparing the 
uterine size as determined clinteally 


with the duration of pregnancy caleulated f 
the 


date of the Last menstrual period. In thirteen of the 


rom 
patients, urinary 
determined at some time during the course of 
Its termination, were compared with the 
troplin value as Le 


preynaney or soon atter 
It has been shown that af the yonado- 
than 3,000 1U/24 hours, abortion is nevitable.*® The 
the patholovical Laboratory were 


\ 


reports trom 
also se rutinized 


Was drawn as soon after the abortion as possible « 


taken the follow 
my before breakfast 


The Beds determined from these samples 
concentrations found at abortion, although it 4 
fine when the fetus wats 


represent the 
difhieult to date clinically the precise 


no longer viable. For 19 women a. follow up BEL was 
measured from 5 to weeks after the recopnition of abortion to establish the 


non- 
pregnant values. The usual strict 


Precautions against contamination were taken. None 
of the subyects had had Salpingograms or other diagnostic. tests employing iodine 
telepaque, terredesx, urokon, itrumil, priodax, 


lipiodol) or any other sub tances ( 


contamminy compounds Ce dhodrast, 
eg, mercurials) known to affect BED values.” 2 
Serum was obtamed from blood collected under 


olan tubes and allowed to « lot before 
centrituped BEI 


» were determined according to the method of Man et al” with 


a maximum deviation of panimia per cent between the duplicate aliquot 


RESULTS 


A complete record of the BES 
Table 


of the patients in this study is viven in 


The first three exceptional mitients could not be elassitied in the 
| | 


three major groups listed below, Eleven women, patients 4+ through 14, had 
at abortion Ceolumm 4) within the 


normal range for preetane y as 


= 
106 


Duration of 
\ 
m weeks Days 
after REI 


tion 


reed with a BET above the n rang \ 


20 hours 


17 


7 71 


the normal range for preanans y 


7 2 47 


140 hours 7 Z 34 


24 hours 


* Receriny lesiecated thyroid daily 


Patient with BEI of 15.3 vamma percent at abortion ved one) pram 
thyroid dialy for one week 

Ihe tetricians frequently cannot date the time when the Petits as 
ine interval in the next to the last column may be lonper than calculated 
but mone instance would be Le than the estimated interval after abortion 

Five weeks this BEI, Caesanian section wa pettormed for central placenta 


pracvia 


Paste 1. o- Patiests 1x Thy 
who did not abort 
4 41-29-25 22 2 hour 74 It 
at 7% 17 ae 5.1 
10 A65250 Ix 3 days betore 63 10 ty 
1] C376 . 1] 42 39 
13 41 70 44 “4 14 10 43 
tl4 \6704 2 hour 6 4 
67 62 
men ihe a reed ut wh BESS ere at the ma for y 
Women who aborted but hose BELs were below th normal range for Preanane \ 
PA) ( hin, 9 7 
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described later. The next four women, patients 15 through 19, had border- 
line Blels for normal pregnaney, while the last 10 patients had abnormally 
low BETs. 

All patients were clinically euthyroid at the time of abortion, although 
five designated by asterisks in the table cannot be classified as absolutely 
euthyroid because they were taking or had received desiccated thyroid or 
Lugol's solution. Patient 1, who had a greatly elevated BEL or 15.3 gamma 
per cent at abortion, refused to return for an adequate clinical evaluation of 
her thyroid status and may have been thyrotoxic. She had received 1% 
grains of thyroid for a week one month before hospitalization because of 
vaginal bleeding. Patient 14 with a Blel of 4.8 gamma per cent was a 
known hyperthyroid patient on Lagol’s solution at the time of abortion. 
Patient 2 who had received 1 grain of thyroid daily for the preceding six 
months had a serum: iodine of 7.3 gamma per cent and did not abort, 


Patients 7 and 15 with Blels of 7.0 and 5.5 pamma per cent had been taking 


114 and 1 prains, respectively, every day for the preceding year. 

In dagure | the Blots at the time of abortion (Table 1, column 4) of 26 
women who miscarried are plotted in relation to the duration of gestation 
calculated from the onset of the last normal menstrual period. Referring to 
the graph the two horizontal broken lines represent the normal range of 
serum butanol extractable iodine of human adults, 3.2 to 64 gamma per 
cent.” Unpublished data by Man’ are used in defining the normal ranges 
of Biel values of women with uncompleated pregnancies at various inter- 
vals throughout their gestation. The lower linut of normal by the eighth 
week was found to be 5.5 gamma per cent. Values between 5.5 and 7.6 
yomma per cent at the tenth week were compatible with normal pregnaney. 
At about the tenth week the average BILL rises to around 7 gamma per cent 
apd seems to remaim at this level without much fluctuation until pregnaney 
is terminated, These data are derived from only Blels of 21 patients. 
They are, however, essentially in agreement with many previous SPE deter- 
muinations in pregnaney.) "Phe solid line depiets the average of these rodine 
values, showing the rather rapid rise from the fifth to the eighth week. No 
values have been measured before the fitth week, so that the broken line 
connecting the concentration at this time to the non-pregnant mean value of 
4.7 yamma per cent of euthyroid adults” does not represent values expected 
in the mfterval but as included for continuity, 

In this graph six of the 26 Blels of the women who aborted (patients 1 
and 4 through 8 in Table 1) were above, while those for 20 of the females 
(patients 9 through 28 in the table) lay below the average value for normal 


pregnancy. The last ten patients (numbers 19 through 28 in Table 1) had 


; 
: 
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: 
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BiETs which were abnormally low. Fifteen of the 26 women had BEIs close 
enough to the average line to be included within the range for normal preg- 
nancy. Five of the six women with Blels above the average and six of the 
20 females (patients 9 through 14) with BETS below the average had con- 
centrations considered normal in that they fall within the physiological 
range for that period of pregnancy. The durations of their pregnancies 


> 


DURATION OF PREGNANCY IN WEEKS 
Fuses - BEI OF PATIENTS WHO ABORTED 


@ MULTIGRAMIDA WITHOUT PREVIOUS ABORTION 
O MULTIGAAVIDA «WITH PREVIOUS AnoRTION 
OP MULTIGRAVIOA WITH QUESTIOMABLE PREVIOUS 


ranged from the sixth to the fourteenth week, and the Blets from 4.8 to 6.5 
yamima per cent. additional women (patients 15 through with 
pregnancies from the eighth to the thirteenth week had values of 5.5 
percent Which is borderline normal or slightly low. 

Of the patients in Figure with defimtely m the normal range, 
the cause for abortion is evident in two. The abortion of patient Oowas self 
miduced, while that of & was attmbuted to a hydatidiform mole. Of the 


remaining mine patients in the yroup, four Cuumbers 4 through 7) had 


8 
e 
x 
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values above average ranging from 7.0 to 7.6 gamma per cent. The other 
five women Cunmbers 10 through Id) with BELs varying from 48 to 6.4 
yamima per cent had values slightly Jess than the averaye but within the 


normal range for their respective durations of preynancy, All of these nine 


Blas, high or adequate for normal pregnancy, mdicate that a satisfactory 


concentration of circulating thyroxine lke iodine by itself does not insure a 
successful gestation. For the patients plotted in who const 
tuted the last yroup of Table the « spected physiological merease in BEE 
did not oceur. Their iodines from 3.5 to 5.4 gamima per cent are abnormally 
low for the period of pregnaney at which they were measured 

The time relationship between the abortion and the drawing of blood for 
the BED can only be a very rough estimation, for the exact time at which 
the abortion actually occurred in most of the eases is uncertain. For exam- 
ple, number TP) began to bleed spontaneously three weeks prior to hospital 
anion and continued intermittently until cramps and more protiuse hemor 
rhage precipitated admission, Various other subjects had potting: at some 
Hine during the course of gestation, The criterion of the time of abortion 
sedan this study as the appearance of moderate to severe vacinal bleeding 


and/or cramps with or without the passage of tissue. Whether a missed 
abortion had occurred earher may be judeed hy comparing columns 5 
and of the table the duration of pregnancy as determianed from the last 
menstrual period and chimically frome the size of the uterus. Nineteen 
patients who aborted show fairly close correlation im this re pect 


seven patient numbers 4, 8, 12, 13, 15, 18, and 26 


There are 
for whom there isa 
diserepaney in the duration of pregnancy as determined by these 
two methods. Number & exhibited a larger uterus than expected for her 
length of pestation, which might be explained by the hvdatidiform mote. 


Phe larger than normal uterine sizeof amber 4 omieht be based on an 


erroneous date of her last menstrual period because an episode ot bleeding 
alter conception night have occurred, Per gonadotrophic titer miumediately 


after abortion was between 23.000 and 58,000 hours, 


not at all of a hydatidiforn mole. Neher was there evidence ol 
multiple pregnancy nor of hydrammios, In the remainne five eases men 
tioned brietly below, the uterus was smaller than expected, indicating the 


occurrence of an earher retamed abortion, error in clinical judgment in 


estunating the uterine size, or inaccuracy in the date of the last menstrual 
period, There was nothing in the history of number 12 to vevest that an 
mtrauterme death of the fetus might have occurred earlier, Number 20 with 
distory had a benign pregnaney until one week prior to admission 
When moderate bleeding began, Wath the information available the occur 


rence of an abortion that had remamed without overt. climes! ViInptoms 


Bers 
4 
110 
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and signs cannot be excluded detinite ly. The following three patients, num 
bers 13,15, and 18, had histories of spotting or hemorrhage earlier in esta 
tion. Pathological reports in these cases were not definitive, but the histories 
and discrepancies of uterine size might be consistent: with this dhagnosts, 
especially in the last two eases in which the duration of prepnaney would 
correlate well with the uterine size i abortion ac tually occurred earhes 
Six of these seven patients had normal or borderline BETS rangang trom 5.5 
to 7.8 gvanimia per cent. The seventh patent had a of per 
cent considered abnormal because seven weeks alter abortion her Bk had 
Tisen to OD per cent 
Phe eighth column lists the follos up val except those for 
Land 3 Were obtained at least five weel alter abortion, anoiiterval 
sufficrent for concentrations to return te the anedividual’s non 
pregmant level, Aq] he within the euthyrored ¢ the 14.3 
per cent ot number Land the clevated value ot per cent ot 
ber 3. The latter's I was men ured seven day 2 aesare: ection 
heeanse of a placenta previa, so that this value be regarded as phiysie 
logically elevated by pregnancy before a return te the partum baseline 
Asis indicated in ‘lable 1. follow Up could not be obtamed on the 
Worthen 
Thus trom the 26 women whe aborted (patients Nod and No. 4 through 
28 in Table 1) there are 19 case In Which BEIs at abortion and alse 
several weeks Jit were obtamed lor nine ol these [9 the 
at abortion are essentially the ame or actually lower the everal 


weeks later. Fight of these nine patents are trom the proup with low Bee] 


ue 


No. 19 through 28 in the tabley while of the othe 


ie hyperthyroid taking Lugol's solution. wa trom the group 


at abortion 
' 


number 
a Dbl normal for pregnancy at the time of abortion 
Phe behavior of the BETS on the pratient 

(patient 

meluded the enthyrowd= rang nes a the graph comneeting 
value pzatier 1 wy thease an 
at tl Hoot these tin toon the vertical axis the 
Ion Blels and on the horizontal ax mevnaney at which 


ee, £4, 27, and 28, the rises in BETS durine prev sere between 

and per cent. “Chese ire actually ton hit to be 

garded as sivnmitteant. In three of the patients, ntmbers 23, 25. and 26. he 

a 
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BETS were lower in pregnancy by 0.9, 1.0, and 2.7 gamma per cent respec- 
tively. This observation of the BET falling instead of rising in pregnancy 
has been noted by others.” Whether or not this indicates that the thyroid 1s 
primarily responsible for abortion in this latter group with low Blels as 


compared with the group having normal levels during pregnancy cannot 
be stated. 


oO 
2) 
= 
: 


12 4 20 
WEEKS 


PATIENTS WITH LOW BEls AT ABORTION 


@ WITHOUT PREVIOUS ABORTION 
© MULTIGRAVIDA «WITH PREVIOUS ABORTION 
OTMULNGRAVIBA WITH QUESTIONABLE PREVIOUS ABORTION 


Of the group with normal and borderline Bets at abortion (patients No. 
4 through ISain Table 1), the BEL at abortion of number 14, the treated 
hyperthyroid, was lower than it was nine weeks later. The Blels of the 
remainder of this group ranged from 1.6 to 3.6 gamma per cent higher at 
abortion than the follow-up values. Approximately one third of the total 
number of 26 women who aborted had Blas which did not rise or actually 
fell during pregnancy to levels lower than the non-pregnant baseline, This 
fraction might even have been Iigher af follow-ups could have been obtained 
on the patients lost to this study. 


6 
7 
ut 
; 
4 
3 
a for: - 
MYOATIOWORM MOLE 
ABORTION 
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Table 2 lists the 13 patients on whom chorionic gonadotrophin values 
were measured at some time during pregnancy or shortly after its termina 
tion. Most of the values are of the latter category as is shown in the last 
column of Table 2. With these values are also quoted the Blels which had 


Taste 2. Urinary CHortonic GONADOTROPHIN AND BEL 
THIRTEEN PATIENTS 


Bil 
Patient gamma Gonadotrophin wales Time of determination 
No. (11/24 hours) of qonadotrophins 


8 Greater than 132,000 10 hours atter abortion 


Less than 388,860 


Greater than 1,000 weeks before Cesarean 


Less than 45,000 

71,000 4 hours after abortion 
Greater than 23,000 3 hours atter abortion 
Less than 58,800 
Greater than 3,000 3 days after abortion 
Nepative “time after abortion 
Greater than 3,000 week betore abortion 
Greater than 3,180 day before abortion 


Greater than 6.000 hours after abortion 
Jess than 12.000 


Greater than 7 hours atter abortion 
than 37.200 
Gareater than 30,000 hours after abortion 
Less S0O.000 
Careater than 1.000 4 ohiours after abortion 
than 3,000 


Greater than 1000 hours atter abortion 
Less than 3.000 


been determined simultaneously. Patient & represents the case with the 
mole and, as noted, the gonadotrophin values are extremely high. The Pad 
isan the range for normal pregnancy. Panent 3, the case of placenta praevia, 
had the expected normal values for both. The three patients, numbers 14, 


4. and 10, also exhibited physiological values for both hormones. Patient 


15, who had a history of three weeks of bleeding before hospitalization, had 


a negative gonadotroplie titer and a borderline of 5.5 gamma per 


3 6.4 eee 

4.8 

4 7.6 

10 H3 

15 5:5 

28 35 

24 4.1 

27 5.4 

Zi 49 
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cent—-facts suggesting that abortion probably had occurred earlier. Five 
patients, numbers 23, 28, 19, 24, and 27, all had low BEIs with gonado- 
trophin Jevels greater than 3,000 10/24 hours. There are two patients, 
numbers 21 and 25, 1n whom both values were low. Number 21 had slight 
spotting four days before admission, with the onset of heavy bleeding and 
cramping one day before admission, The other patient, number 25, had an 
eight-day history of spotting before the onset of heavy bleeding and the 
alleged passage of tissue two days before admission. Neither patient showed 
any evidence of thyroid dysfunction. There was no great discrepancy be- 
tween uterine size and duration of pregnancy, but this does not preclude 
the possibility that death of the fetus and separation of the placenta oc- 
curred a few days before hospitalization. The low gonadotrophins could be 
attributed to this. Has certamly consistent with the histories of the patients, 
The explanation for the law BETS is not apparent. 

The 13 cases listed here comprise too small a group on which to base any 
defimte conclusions about the correlation of and gonadotrophicsvalues 
with abortions 


DISCUSSION 


Man, Peter 


Hionships of the blood iodine Jevels pregnaney. They showed that in 


associates? directed attention to the eritical rela- 
uncompheated pregnaney the SPP rose carly, remained elevated until 
delivery, and returned to normal levels after a relatively short interval. The 
rise often reached hyperthyroid levels, being regularly above 6 gamma per 
cent after the first sixteen weeks inmost cases but unattended by any Syimp- 
toms of excessive thyroid activity. There was also suggestive evidence that 
failure of the SPE to reach this level by the end of four months was con 
ducive to abortion. The data presented in this paper seem to be in essential 
agreement with the findings that an elevation of the serum) thyroxine-lke 
iodine in blood occurs in pregnaney and that relatively low concentra 
tions are frequently assocated with abortions. 

In the present series ten of the 24 patients who aborted within the first 17 
weeks of pregnancy exhibited low Blets for the duration of their respective 
pregnancies. This is somewhat lower than the proportion given by Man et 
al” who reported that 18 of the 26 subjects who aborted in their study had 
SPIs lower than 6G gamma per cent. This finding of low serum iodine 
(either SPL oor BED) ino such a large proportion of women who have 
aborted cannot be dismissed lightly. 

All the above measurements are only on single samples of serum) from 


blood taken close to the tame of abortion and cannot be compared wath 


Biche 
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successive Bets before, during, and after gestation. The time at which the 


single determination was measured in the above patients may have coin 


cided with a period during which there was a delayed rise or temporary 


dropoin blood iodine level as may occur in normal pregnaney as demon- 
strated by Man ef al” and Soules” They found that im most instances the 
SPloor rose sharply soon after the onset of pregnancy to concentra- 
fons within or near the hyperthyroid range as early as six weeks after the 
last menstrual period. Plowever, in a certam proportion of the cases there 
was a distinet delay betore the iitial sharp elevation whieh was usually 
miantamed. This increased level in the early as well as late stapes of pesta- 
tion was subject to relatively large fluctuations of 2 vamima per cent over 
relatively short intervals which do not oceur aim the stable levels of non 
pregnant women. [tas highly improbable that the concentration of BED as 
quantitatively related to the gonadotroplic hormone since ther respective 
mereases and declines im blood levels during prey ditter, The BEI 
rises rapidly from the titth to eighth week, continues to merease less rapidly 
until the tenth week when a constant level is maimtamed until delivery.” 
The choriome gonadotrophin level rises in pregnaney, reaching: peak 
concentration between the seventh and ninth weeks, after which by the 
fourteenth week at falls to a relatively low devel mamtamed throughout 
pregnaney” Prom the thirteen determunations of ponadotrophin this 
study, no correlation between this hormone and Bip levels is apparent. On 
the other hand number owith no adequate dustory of thyroid: status ex 
lubited a of 15.3 gamma per cent with a gonadotrophin of less than 
TU hours. the gonadotrophin value is eritieally low, the patient 
Wwillinevitably abort. Soule" suggests that the rise of iodine may be due to 
the presence of cireulating progesterone, for when Delts and Jones found 
lows progesterone levels abortions, there was an associated thyroid 
deficeney as measured by the basal metabolic rate. Comparison with this 
study regardinge this point cannot be made sinee progesterone was not 
measured. ef found that during estrogen to 
ether men or women, the SPE rose sometimes to hyperthyroid levels with 
out climeal evidence of and, with continuation of therapy, re 
maimed ata dagh level after the third or fourth week. After discontinuation 
of therapy the serum iodine gradually fell to control values. “That the rise 
SPlasmaintamed with continued estrogen administration was suggested 
by the elevated SPL of 1O gamma per cent of a woman who had been on 
sStlbestrol for three months. As a result of these findings, they hypothesize 
that the mse of SPL in pregnancy is secondary to the early mereased and 


continued elaboration of estrogen characteristic of normal pestation 


115 


YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 28, November 1955 


Man et al.” suggest the hypotheses that failure of BET to rise in abortion 
may be due to a defect of the ovum or its implantation so that the stimula- 


tion for increasing iodine levels is lacking, or that a deficient response in 


the secretory activity of the thyroid is accompanied by a diminished or 
increased utilization of thyroid hormone. Hertz et al.” have shown that the 
thyroid uptake of radioactive iodine is increased in the pregnant rabbit, in- 
cheating a more rapid turnover of thyroid hormone. Noble and Rowlands® 
reported that pregnant women excreted less ['! in the first 24-hour urine 
specimen than non-pregnant women, a result interpreted as increased thy- 
roid uptake in late pregnancy. Salter” claimed that pregnant women require 
and excrete unusually large quantities of iodine, an observation not con- 
firmed by Danowski etal’ With regard to the possibility that the plasma 
protems bind thyroxine and organmie iodine in larger quantities than usual 
during pregnaney, Danowski etal? found that the concentrations of serum 
wWbhunin and globulin were lower and higher, respectively, than those of 
non-pregnant subjects. serum orgame iodine is bound to alpha globulin,” 
an attempt should be made to compare the rodine levels with alpha globulin 
concentrations during pregnancy, 

Opinions have varied regarding the effect of hyperthyroidism on preg- 
nancy. In this series only two women, numbers 1 and 14, were considered 


hyperthyroid. writers! that spontaneous abortion may 
be a comphleation of hyperthyroidism in pregnaney, though itis generally 
agreed today that under proper medical treatment the hyperthyroid patient 
has an essentially normal yestation.” ef al? found that the SPI 
tended to be more elevated in pregnant patients with active hyperthyroidism 
on Layol’s than in their euthyroid pregnant sisters. Since the ingestion of 
Inorpamie jodides may clevate the how much of the rise in these 
cases as due to inereases of thyroxime like iodine is not known. Actual 
studies of the Blels in several hyperthyroid prepnant patients have not yet 
been carried out. Just as euthyroid women are able to tolerate iodine con- 
centrations which im non-pregnant women would be indicative of hyper- 
thyroidism,” the pregnant hyperthyroid is able to tolerate even higher con 
centrations without symptoms. Pyperthyroimdism seemed to be more easily 
controlled in pregnaney, the requirement for antithyroid drugs decreasing 
during gestation and imereasing after ats termunation. The outbursts of 
hyperthyroidism atter delivery which occurred some patients suggested 
uncontrolled activity after the effect of pregnaney. Such would seem ta be 
the casein number Just prior to pregnaney she was nuldly hyperthyrord 
clinically, appeared euthyroid at the time of abortion and shortly there- 


after, and was nuldly toxic mine weeks later. There have been no reports of 


<4 
4 
= 
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SPI or BED measurements on any sigmificantly sized pronp of pregnant 
hyperthyroid patients receiving no medication, 

In an attempt to compare BETS during pregnaney and non pregnaney, 
19 of the 26 women who aborted had BETS measured some weeks after 
abortion, As stated in the results, in nine of these 19 patients the BET was 
the same oor lower during pregnancy than during the subsequent non- 
pregnant state. Alberght of the ten patients with low Blots at abortion on 
Whom follow-up studies were obtained are included in this group. All BETs 
after abortion of the nine women are in the euthyroid range, so that there ts 
no thyroid deficency during non-pregnant states as measured by the serum 
iodine level. Inthe study of Man etal" comparisons of SPIES of five women 
When pregnant and when not pregnant were simular to those that oceur in 


this study. In two, the SPIT fell during pregnaney. In another two, it rose 


In pregnancy but to levels below 6 gamuna per cent, while i the remaiminy 
| & 


case it rose to 65 gamma percent. Ina later paper they reported about 
eight patients with histones of musearriages on whom both pregnant and 
non-pregnant were done. of these had non pregnant values 
ranging from 4.1 to 5.6 gamma per cent which dropped during prepnaney 
to a range from 2.8 to 4&8 gamma per cent. Phe other hal) with non 
pregnant values of 3.5 to SA gamma per cent mereased them iodines during 
pregnancy to values between 5. and 6.3 gamma per*cent. “The combined 
data sugyvest that im these cases in which there is a failure of the rodine to 
rise or a fall of iodine to a lower level during: pregnaney, there is an im- 
proper reaction to gestation, 

learher investigators studied hypothyroidism in pregnaney wath the basal 


in 


metabolic rate.” (sing this eriterton, Kang and Plerring’ 
that muld or moderate hypothyroidism was a fairly common compheation of 
pregnancy. basal metabohe rates early im pregnancy were low, proper 
treatment could be started. They beheved that by dom so they were able to 
carry many patients to term who maght otherwise have aborted. fn this 
respect: Pyle” reported for a group of women with previews spontaneous 
abortions, an abortion rate of about SO percent prior to thyroid medication, 
with reduction to a rate of approximately two per cent after medieation, 
Russell” found that even when the abortion wees Clineally mevitable, serum 
iodine was stil frequently elevated. Tf, however, a low Blel were found, 
administration of thyroid extract nught be indicated even though such 
therapy does not prevent abortion once symiptomis have begun. Using the 
SPI as a ecriterion of hypothyroidism. Hememann etal and Peters et 
reported several cases of threatened abortions im which desiccated thyroid 
appeared to have been benetiaal, No thyroid medication had been given to 
the ten women in the present series who exhibited low Blels at abortion. It 
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Is Impossible to state that the BleT would not have increased if gestation 
had not been interrupted or that abortion would have been averted if suf- 
ficient thyroid extract had been administered carhier in the course of preg- 


naney, Parkin and Greene* described the occurrence of pregnancy un- 


treated hypothyroidism. lengstrom et al” had several eases in which hypo- 
thyroid patients with low SPs in spite of ingestion of desiccated thyroid 
during pregnancy carried to term: successfully. This ingested thyroid ap- 


peared to be adequate to mect the peripheral needs of these women during 
pregnancy. Though in the majority of women the blood iodine lay above a 
certain level during gestation, there is a modicum of patients who maintain 
low iodine levels and who successfully complete pregnancy. Reports of the 
beneficial effect of thyroid and observations of the large number of low 
associated with abortions justify the admumistration of thyroid 
medication im appropriate cases, 


SUMMARY 


The butanol extractable todine (BEL) has been determined im 28 women 
Who aborted or threatened to abort, All of the 28 were clinecally euthyroid, 
though there were five who received some form of treatment for thyroid 
disorder OF the 26 women who aborted, the Blel was found to he below 
the expected range for normal pregnaney im TO. Pn 15 the blood todine 
levels were comparable to values in uncompheated pregnaney. [none sub- 
ject the Biel was extremely elevated, indicative of hyperthyroidism com- 
pheating this pregnaney. The Blets of the two patients who did not abort 
were normal for pestation 

The followup Bets on 19 patients, five weeks after abortion, were all 
in the euthyroid range, Phe follow-up of mine women showed that the 
Biel failed to rise or actually fell during gestation. This group imeludes 
eight of the ten patients with low values at abortion. This observation: sug 
gests that the failure of todine to rise in some patients who abort represents 
an abnormal response to the pregnant state, 

Six patients had BEES between 7.0 and 7.8 gamma per cent, values as 
high as those encountered im hyperthyroid nom pregnant women but showed 
no evidence of toxicity. This would seem to denote that the pregnant 
woman has a certian tolerance for the hormone, This would also be true of 
the patient who had a BEE of 15.3 gamma per cent, a concentration 
strongly sugvestive of compleating hyperthyroidism, 

The madequate state of present-day knowledge regarding the significance 
of jodine rise during prepgnaney and oats fall or failure to rise im many 


abortions as commented upon, Several hypotheses in this regard are cited, 


4 
: 
1138 
: 
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and of women threatened with abortion 1s recommended. 
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THE METABOLIC EFFECTS OF PANCREATIC HYPERGLYCEMIC-GLYCOGENOLYTIC 
FACTOR (GLUCAGON){ 


HISTORY 


The presence of hyperglyceniia producing properties m pancreatic extracts 
and commercial insulin preparations was noted as early as 1923." "" How- 
ever, Pisher™ beheved the hyperglycenne activity resided “toxic frac- 
tion” which was also responsible for the local irritation and sterile abscesses 
associated with insulin therapy; and Collip’s extraets” produced an un- 
usually prolonged hyperglycenna of one to four days’ duration. It 1s there- 
fore uncertain whether the hyperglycenne effect of these early extracts was 
due to the specitic hyperglycenne glycogenolytic factor CHG). In 1924, 
Kimball and Murlin™ gave the name “plucagon” to the factor, but the earli- 
est intensive investigators of its properties were the German workers, 
Burger and Kramer, who were dealing with the specific material and 
who demonstrated that the hyperglycemic effect was due to direct: plyco- 
genolytic effect on the liver. 

After the first successful crystallization of insulin by Abel ef al! in 1927, 
Gelding and de and Burger Kramer, demonstrated that 
crystalline insulin, even when injected intravenously, did not cause hyper- 
glycenna. Glucagon was therefore considered merely an unimportant im- 
purity, and durimy the next few years only Burger and his colleagues in 
Germany continued its study. These workers were the first to attempt its 
purification.” In 1934 Scott” succeeded erystallizing: insulin by a new, 
lughly efficent method which was widely adopted by most commercial 
manufacturers. Tnsulin prepared by this method was found to have hyper 


glycenne and hepatic glycogenolytic properties.” Lundspaard et al. in 1930" 
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noted that a preparation of insulin provided by Scott stimulated the release 
of ylucose by the perfused liver, while a preparation of Abel's did not. 
De Duve et al™ demonstrated by means of constant intravenous glucose 
Infusions to insulinized rabbits that Lilly insulin (prepared by Scott's 
method) was contaminated by the hyperglycemic factor, while a Danish 
preparation Novo”) made by the Abel technique was not. Olsen and 
Kiem” confirmed the hyperglycemic properties of most insulin preparations 
when piven intravenously, “Novo” insulin was again an exception. This 
and other work?" resented strong evidence that insulin, per 
se, has no direct glycogenolytie effect on the liver and resulted in a shift of 
Interest towards glucagon as an independent entity, 


SITE OF ORIGIN AND DISTRIBUTION OF GLUCAGON 


Sutherland and de Duve were able to extract the factor from the pancreas 
of several species, including man.” They suggested that the alpha cells of 
the islets of Langerhans were the probable source because there were 
increased amounts per unit weight in the fetal calf pancreas, in the tail of 
the adult dog pancreas (where islets are concentrated), and in the duct- 
ligated and allosan-diabetic panereas ino which acinar and beta cells have 
heen destroyed. Pineus” confirmed these findings in the doy. Audy and 
Kerly’ noted a similiar content of glucagon in panereatic extracts from the 
rablat, rat, cat, guinea pig, and ferret and determined that in the Lophius 
piseatorias, a teleost fish in which islet cell tissue is found outside the pan- 
creas, extracts from islet cell tissue had a high content of glucagon, while 
acinar tissue had minimal activity. Sutherland and De Duve™ were 
also able to extract a factor, apparently identical with from the upper 
three fourths of the gastric mucosa, and, in small quantities, from) the 
duodenum and dean of the dog, but not from other tissues. They suggested 
that the glucagon found im these sites may be formed by the argentophil 
cells of the gastro antestinal mucosa, which have a distribution and 
Which stam with silver as do alpha cells. Although the two proups of cells 
are superficially similar, comparative morphological studies of 
have shown that they are not related physiologically 

The site of origin of THIGH has also been studied by the use of specifie 
toxins. Tf glucagon is made ain the alpha cells, destruction of these 


should cause a decrease inthe panereatic content and an inerease in 


the unopposed hypoglycenne action of the betaecell hormone, insulin. dn 


1951, Van Campenhout and Cornelis’ reported selective destruction of 
alpha cells atter the administration of cobaltous chloride; and Vuylsteke, 


Cornelis, and De Duve in 1952" reported a decreased Hk content of the 
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pancreas of animals pretreated with cobalt. Cavallero” reported that pan 
creatic extracts from fish previously treated with cobalt had ne hypergly- 
cemic effects after alkali inactivation of insulin. However, other work with 
cobalt has failed to confirm some of the above findings and does not support 
the concept of the alpha cell origin of the HIGE. Goldner, Volk, and Lazarus 
have demonstrated that hyperglycenna following immediately after cobalt 
administration is not due to a predestructive “excitation initiale’ of the 
alpha cells, as proposed by Van Campenhout and Cornelis, but occurred 
regardless of the intervals hetween successive doses’” and increased with 
Increasing: doses of cobalt: indeed, the initial hyperglycemia occurred in 
the panereatectomized animal.” The hepatic glycogen content of cobalt 
treated animals was decreased They therefore aseribe the hyperglycemic 
response to a direct hepatic effect of cobaltous tons."* These authors also 
reported that following destruction of the alpha cells by cobalt, there was ne 
hypoglycemia,” no amelioration of alloxan diabetes,” and a persistence of 
hyperglycemic activity in pancreatic extracts.” Raja Rama Rao and De,” 
working with rabbits, noted no decrease in HGE content of the pancreas 
after cobalt administration. These authors also claim to have detected [fe st 
In the abdominal Ivmphaties and spleen as well as in the panereas and 
gastric mucosa, and, on this basis, suggested abdominal Ivinphatie tissue as 
the source of However, they do not mention their method. of 
extraction, 

Deca methylene diguanidine hydrochloride, or Synthalin A. was shown 
by Davis,” in 1952, to produce a selective but inconstant hyvdropic change 
of the alpha cells in rabbits. These changes are net EXLCNSIVE as 
those caused by cobalt, but are followed by a hivperglycenmima of several 
hours’ duration, and then marked dn poglveenna. bodden,” comparing the 


effects of cobalt and Synthalin A, sugested that cobalt eases a retention 


of in the alpha cells, while Synthalin A. after ean an initial seere 


the cell 


tory discharge of inhibit completely the funetions 
beheves that this explanation reconciles the Incompatabilitre 
alpha cell dest ton and elycemne effects of the twa compotnd 
Nis work supports the alpha cell origin of pancreatic 

In summary, there is abundant evidence of the presence of a factor pro 
dnemg hyperglycemia and hepatic glycopenolysis the pancreas of all 


species that have been a saved for the substance. The bulk of evict nee , 
| 


! 


ports the alpha cells as the panereatic cellular site of origin, Phe main « 


jection to this concept 1s the inconsistent effect obtained with the 


) 
poe 
cytotoxins, However, for several reasons, work with the Cytotosins cannot 
be evaluated completely at this time. Neither Of the toxie compotnd Jin 


been shown to destroy all of the alpha cells, and although cobalt in some 


YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 28) November 1955 


dasages appears to produce considerable alpha cell damage, its effects on 
other gastro-intestinal sources of are unknown. Indeed, Fodden® 
noted no effect on the gastro-intestinal argentaffin cells after either cobalt 
of Synthalin A. Furthermore, these substances may not affect carbohydrate 
metabolism entirely by damaging alpha cells, since both probably have 
primary hepatic glycopenolytic activity. 


PROPERTIES AND POTENCY 


A detailed account of the methods of extraction and the physical and 
chenneal properties of the pancreatic HG is not within the scope of this 
paper. Suffice it to say that HGP is apparently a polypeptide physically 
somewhat similar to insulin bat differing from the Jatter in its amino acid 
composition, and its resistance to alkah and ecysteme imeubation.” Pt has 
been demonstrated that the hyperglycenna obtained with eysteme- inactivated 
pancreanic and gastric extracts is due to HG and not to the hyperglycemic 


effect of cysteme itself” has been extracted in a puritied crystalline 


form by Staub ef ale’ Tt can be assaved om vivo by measuring the hyper- 


plycenne effect, but its glycogenolytic effect on rabbit liver slices® "is the 
most accurate method. The material is extremely potent im its purified 
form, O1 py /Ky of body weight causing a sigmificant hyperglycemia in the 
cat’ as boa” pomts out, ona weight basis, the potency of is at least 
ten times greater than that of msulin. 


Carbohydrate metabolism, Vhe best-established effect of is the 
production of a rapid, transient hyperglycemia, accompamed by marked 
glycogenolysis inthe diver. The fact that) this hyperglycemia is most 
marked after mtraportal myection,” that itis absent im the hepatectomized 
animal,” “as imereased when liver glycogen content is high.’ dimin- 
ished in situations where liver glycogen is decreased —as in diabetic animals 
ketosis” patients wath cirrhosis,” and fasting animals’ all 
attest to the primary hepatic site of action. Sutherland and Cort” have 
conclusively demonstrated that the ylycogenolytic effect of HIGH, like that 
of epmephrine, is on the liver phosphorylase system, both agents probably 
acting upon a diver enzyme that maimtams a balance between active and 
active phosphorylase. However, despite their similarities with respect. to 
hyperglycenne and hepatic glycogenolytic effects, and) epinephrine 
have numerous pomts of difference. lepinephrine causes an increase im 
blood lactate levels, a result of its glycopenolytic effect in miusele, and this 
lactate secondarily replenishes hepatic glycogen stores.” does not 
cause increased blood Jactate levels after administration to normal ami- 


mals” or normal or diabetic human beings.” Furthermore, does 


= 
124 


Glucagon (hy perglycemic-glycogenoly te factor) | CARDILLO, BONDY 


not have the pressor influence on blood pressure and pulse that epinephrine 
manifests.”” 

The fact that epinephrine has effects on muscle tissue slices” and in the 
hepatectomized amimal”™ confirmatory of its peripheral, extra hepatic 
activity. There are few data to support such activity on the part of HIGH. 
The most impressive evidence of an extra-hepatic action of glucagon is the 
work of Drury, Wick, and Sherrill® who maintained eviscerated, nephree- 
tomized rabbits at constant blood sugar levels by accurately: measured 
itravenous glucose injections, Some were given imsulin simultaneously. 
On the basis of the amount of glucose required to maimtain constant blood 
levels, these authors reported that glucose transfer was decreased during 
administration and suggested that may play a role as an 
sulin antayonist. like insulin, had no effect on the rate of plucose 
oxidation, however. Rodriguez Candela” has reported that mbhibits 
the deposition of glucose in the isolated rat diaphragm im the presence ot 
insulin. alone, however, had no effect. Young’ was unable to confirm 
these results; nor could Mirsky” demonstrate any effect of HG on gly 
cogen synthesis in the rat diaphragm. Pineus and Rutman” working with 
normal dogs, reported that results mmerease miusele glycogen 
in the presence of insulin, Engel and Scott" have reported that had 
no effect on glycogen synthesis in rat adipose tissue. 


Lipid metabolism. Waugaard and Stadie,” and Haugaard and Haugaard” 
working with rat liver slices, found a decrease in fatty acid synthesis in the 
presence of HG, as measured by the ieorporation of radioactive labeled 
acetate, glucose, or fructose into fatty acids. These authors point out that 
the decreased Spee ifie ACTIVITY of the fatty acids produc edo under their ex 
perimental conditions might be explamed on the basis of a dilution of the 
pool of fatty acid precursors with glucose released by the glycogenolysis 
induced by HGP but they believe that the amount of glycogenolysis was 
Inadequate to explun the effeets they observed. Haugaard and 
also noted an inereased ketone body synthesis in liver shees treated wath 


boa and working wath diabetic dogs, found an 


creased ketonenua after admunistration of a Lally purified but using 


other crude pancreatic extracts, they noted a lyperglyeenue etfeer with a 


marked decrease in blood ketones. These authors suggest that there ia 


pancreatic factor, distinet from insulin and whieh as capable ot 
decreasing the blood ketone Jevels. Stewart and Roitman obtamed no 
effect on ketone production by rat liver shees after treatment 

purihed or various aqueous panereatic extracts. Zimmermann and 


Donovan’ gave cysteme activated insulin preparations as a source of 


YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 28, November 1955 


to depancreatized dogs untreated with insulin and noted a brief 
inerease follawed by a prolonged diminution in ketonemia. These changes 
accompanied a similar brief hyperglycemia and prolonged hypoglycemia in 
the dogs. Kalant," using fasted rats and intraperitoneal Lilly purified HGF, 
also noted a significant decrease in ketonemia acutely, and an inhibition of 
ketosis during fasting. It should be noted that this author reported no sig- 
nificant accompanying hyperglycemia nor depletion of liver plycogen, and 
although the absence of these phenomena can probably be explained by the 
fact that the animals were in the fasted state and that blood samples for 
analysis were apparently taken two hours after the last dose of HGF, the 
efficacy of HIGI administered by the intraperitoneal route is open to ques 
tion.” ™ Rutman, Pineus, Brown, and Scott,” found no changes in blood 
acetone levels of intact and pancreatectonnzed dogs after administra- 
tion. The blood hpids did not change im glucagon-treated dogs when com 
pared to saline) or controls.” Pineus and Rutman™ reported 
that PGE did amehorate the acidosis of diabetic dogs. Bondy and Cardillo 
were unable to produce ketosis by intravenous glucagon im fasted normal 
human bemyps” 

The observed effects of HGP on fat metabolism have been contradictory, 
The pathways of hpid and carbohydrate metabolism: are closely interrelated 
and converge to a common enzyme system at the level of acetyl Co A. The 


effect of glucagon on ketosis, therefore, may depend on its ability to alter 


the liver glycogen and the availability of glucose to the liver and peripheral 


tissues. The variability of the reported effects probably results from) the 
variety of conditions under which the tests have been performed, and the 
consequent variations im the basic substrate on which the hormone could 
act. “There as no clear-cut evidence that glucagon has any effect fat 
metabolisne except as a consequence of the primary alterations it produces 
in carbohydrate metabolism, 


Protem metabolism, Vhe role of the in protemn metabolism: has not 
as yet been Tyberghem," measuring urinary nitrogen excre 
Hion in rabbits, reported that accelerates protein catabolism. 


DIABETOGENIC ACTIVITY 


The effect of pancreatectomy on experimental diahetes caused by insulin 
deficiency. If the pancreatic hyperglycenne factor is diabetogenic, it: should 
be possible to alleviate established experimental diabetes caused by beta-cell 
destruction by removal of the remainder of the pancreas. F-xperiments of 
this type have been carried out by a number of authors. Young, in 19307" 


reported that dogs made permanently diabetic by injections of anterior 
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pituitary extracts required more insulin than pancreatectomized dogs on a 
similar diet. Dragstedt, Allen, and Smith® noted that-dogs who were 90% 
to 956) depancreatized required more insulin to maimtamn minimal glyco- 
suria than a similar series of totally depanereatized animals. Cavallero and 
Malandra® reported that removal of 9067 of the pancreas reduces the glyeo 
suria and fasting blood sugar, and increased the insulin’ sensitivity of 
alloxan-diabetic rats. Thorogood and) Zimmermann, 1945,"" reported 
that panereatectommy in alloxan-diabetic dogs reduced the glycosuria and 
insulin requirements. These authors also noted that ketosis and comma devel 
oped more rapidly in the pancreatectomized dogs after msulin withdrawal 
and suggested that there nught be an alpha cell hormone which acts in 
Opposition to insulin in respect to blood sugar and glycosuria and which 
prevents ketosis and coma in the insulin-deficrent animal 

Opposed to this explanation is the opinion of Mirsky? This investigator 
confirmed the findings of Thorogood and Zimmermann” and of Kodriguez- 
Candela” that the quantity of glicose excreted in the urine by the alloxan 
diabetic dog on a constant regimen of food and insulin is decreased after 
panereatectomy, and that, therefore, the panereatectomized animal will have 
lower insulin requirements af Glycosuria is the criterion for control, 
ever, this decreased glycosuria was not accompamed by a weight gam: after 
pancreatectomy of alloxan diabetic animals, there was an imerease in hyper 
glyceniia, ketonenna, and glycosuria during periods of fasting and of insulin 
deprivation; despite administration of sufficient panecreatin to prevent fatty 
stools and fatty infiltration of the liver in the pancreateetomized dogs, such 
dogs absorbed considerably less protem than alloxan diabetic dogs: the 
alloxan-diabetic dogs have appreciable stores of liver glycogen, since they 
developed a marked ketonenua only after the admumistration of philorizin 
with consequent depletion of liver glycogen. On the basis of these findings, 
Mirsky concluded that the “amehoration” of alloxan diabetes by pancreatec- 
tomy as on the basis of decreased protem absorption with a resulting: dim 
nition of carbohydrate precursors, and that the resistance to ketosis and 
coma in the alloxan-diabetic anual before pancreatectomy is on the basis of 
the ability of these animals to store large quantitigs of glycogen, He would, 
therefore, ascribe the differences between alloxan diabetic and pancreatee 
tomized animals to the exocrine rather than to the alpha cell funetion of the 
pancreas. There are certain experiments which seem to contradict this 
theory. Vhus, Thorogood and) Zimmermann’ and Rodriguez Candela” 


noted no decrease in the insulin requirement of the alloxan diabetic 


after livation of the panereatn duct, while the removal of the Pevietnienyys 


sclerosed pancreas did result ina decreased insulin requirernient. However 


Thorogood and Zimmermann reported on only two dogs subjected to duct 
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liyation and Rodriguez-Candela offers no details as to the observations he 
reported. “These experiments have also been criticized because the dogs 
were not observed long enough after ligation of the pancreatic duct te per- 
muita defect of protem absorption to develop. 

Cavallero and = Malandra’ that) pancreatic grafts from 
alloxan diabetic, but not from normal, rats reduced the glucose tolerance 
and increased the insulin resistance of rats made diabetic by partial pan- 
createctomy, 


Total pancreatectomy in man, In recent years a limited number of totally 
‘depancreatized human beimys have been available for observation, Although 
many of the patients die too soon postoperatively to permit: adequate 
metabohe study, a few have been investigated in some detail months after 
surgery and in admeore or less stable condition, Dixon etal,” Ricketts etal.” 
and Falls and Szilagyi” have reported the results of total pancreatectomy 
previously diabete patients. Summaries of studies on depancreatized 
humans have been published by Wlipple 1946°% Goureviteh, 
Vhomas, and Whitheld in 1952." [In general, these patients require less 
insulin than many ordinary diabetics, since their maimtenance dosage 
usually falls im the range of twenty to forty umits daily. The previously 
diabetic patients required about the same amount of msulin as preopera 
tively. However, these patients all suffer from defective mitrogen and fat 
absorption, the number adequately studied has been small, the eriteria for 
reyulation are not uniform, and individual compheating variations are 
numerous, so that httle clarmication of the role of HGE as a diabetoyensn 


agent has come, as yet, from studies of pancreatectomized humans. 


Ievpertmental production of diabetes by HGH. Cavallero and Malandra” 
reported that HiGd* mereased the blood sugar levels and glycosuria in rats 


force fed a diet in carbohydrate, and that it enhanced significantly the 


hyperglycenne and glycosuria effects of pituitary growth hormone, adreno 
corticotropic hormone, and cortisone. Glucagon, while not diabetogenic it 
self, potentiates the diabetogenic effects of cortisone in respect to glycosuria, 
fastings blood sugar levels, and glucose and insulin tolerance tests im intact, 
ad. lib, fed rats.” However, cortisone diabetes is characterized by elevated 
hepatic plycogen stores and the demonstration that HGF, with ats marked 
hepatic glycovenolytie action mereases the glycosuria and basal blood sugar 
levels of these anmnals is not sipmifeant evidence of a true diabetogens 
effect. Ingle, Beary, and Purmahs™ noted that HG produced a definite but 
temporary enhancement of glycosuria im partially depanereatized rats. “This 


effect was produced only when was administered by intravenous 
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infusion, and the glycosuria returned to pretreatment levels while HGF 
was still being administered. 

The effects of HGF have been studied in humans in an effort to deter- 
nune whether a state of hyperglycemia associated with decreased peripheral 
utilization of glucose could be produced. Van et al” administered 
by infusion to normal subjects in the postabsorptive state re- 
ported that the HGP-induced hyperglycemia was accompamed by an in 
creased difference in the levels of arterial and venous glucose. ‘This finding 
indieates that there is no inhibition of peripheral glucose transfer under the 
influence of HG as there is after epinephrine administration. Indeed, the 
work of these authors suggested that EIGER might enhance glucose transfer 
on the basis of comparable determinations in subjects to whom glucose had 
been administered, Bondy and Cardillo” confirmed these findings in their 
series, and in addition noted that glucagon and glucose caused comparable 
decreases in blood imorgame phosphorus and alpha amino mitrogen levels 
Kartley ef al" also produced a tall in serum: imorganie phosphorus levels 
in normal subjects during and after A reduction of 
the levels of inorganic phosphorus appears to be a reliable manifestation of 
peripheral hexose transfer in normal subjects.” 

There has been no report of permanent experimental diabetes resulting 
from administration, 


Increased alpha to beta cell ratio as the etiology of diabetes mellitus. 
Ferner” suggests that the anatomical basis of human diabetes mellitus is 
an miereased ratio of alpha to beta cells, with resulting: predomunanece of 
the “ylucagon system” over the msulin system. Ele supports his theory with 


morphological studies of the islets of normal and diabetic human 


als 


well as the aforementioned investigations relative to the effect of total pan 


createctomny On alloxan diabetes, and by the well known phenomenon of 
“amehoration® “of pancreaprivie diabetes by Cwath con 
sequent removal of the alleged “alphacytotrophic principle’ of the anterior 
pituitary). Plowever, pancreatectomy removes the chief Source of 
and its theretore most unlikely that any amportant part ot the effeet of 
hypophysectomy on the diabetes of panereatectomuzed animals is a result of 
removal of the stimulis to the extra-pancreatie sources of PGE. The ques 
tion of the “amehoration’” of alloxan-diabetes by panereatectomy has al 
ready been discussed, As Pabrykant™ pomts out, different investigators are 
notin complete agreement as to the normal range of the alpha: beta ratio.” 
Furthermore, Ferner hiniself has demonstrated that there is an inereased 
alpha: beta ratio an newborns, who ordinarily have low. |e vels of blood 
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Ilyperglycemic substances in: dtahetic urine. One investigator” has re- 
ported the presence of a hyperglycemic -glycogenolytic factor in the urine of 
diabetic patients and alloxan-diabetic rats and rabbits, when the blood sugar 
levels were elevated above 200 mym™. The action of this substance was 
destroyed by tryptic digestion and the author suggests that itis probably of 
pancreatic origin, Another report’ of a hyperglycemie factor in diabetic 
urine suggests that the responsible substance is not a protem. Work in this 
line cannot be evaluated at this time. 


HGF AS A emule OF THE EFFECTS OF GROWTH HORMONE 


It has been suggested that there is a relationship between an anterior 
pituitary Calphacytotrophie factor” closely related to growth hormone 
(STH) and the HGH, and that the HGP may mediate the diabetogenic 
effects of STIL @ The effects of purified growth hormone are reviewed by 
Young." For the purposes of this diseussion it ean be pomted out that in 
animals these preparations have well-established growth accelerating prop 
erties which can be measured by epiphyseal cartilage growth or by the 
production of positive mitrogen balance, and that they have detinite dia- 
hetovenie properties amie some species. The evidence linking the growth 
hormone and as as follows: 


Histologic studies after hypophysectomy or adnunistration of antertor 
pituitary extracts. Sonenberg™ reported that isotopically-labeled growth 
hormone is concentrated in the pancreas. Ferner™ found that hypophysec- 
tomy was associated with atrophy and a decrease in number of alpha cells, 
with no alterations in beta cells in all of the guinea pigs, and in one-half of 
the rats in dias series, but in tive or six months the cell pattern returned to 
normal THe also reported mereased mumbers of alpha cells as compared to 
the number of beta cells in luman embryos and newborns and cited: this 
finding as evidence associating the growth hormone, alphacytotrophic fac- 
tor, and alpha cell system. Piam and Piast” treated dogs with daily injec 
tions of anterior pituitary extract and reported evidence of alpha cell de 
granulation im a small percentage of their animals. Cavallero” reported that 
rats pretreated with growth hormone preparations showed a marked in 
crease in the ratio of mitotie activity of alpha cells to beta cells. Similar 
observations were made in dogs made diabetic by anterior pituitary extract 
injection, “They also treated normal dogs with pancreatic extracts from 
these “Young diabetie” dogs and from normal animals and reported a more 


marked and prolonged hyperglycemia im the former anima! 


Secretion of HIGH in response to growth hormone. Bornstem, Reid, and 
Young’ noted a hyperglycenne and glycogenolytic effect of portal or 
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pancreatico- duodenal venous blood but not of peripheral blood in intact and 
adrenalectomized hypophysectomized alloxan-diabetic animals treated with 
growth hormone. Growth hormone by direet injection and blood) from 
saline treated control animals failed to cheit effeets in the animals 
used for assay. Koa et al reported that blood from the pancreatico- 
duodenal vein, but not from the mesenteric vein of donor dogs treated wath 
growth hormone, eased a transient hyperglycemia im recipient dogs that 
to the typreal response to Blood frome control animals 


(wath control solutions of the identical had no hyperglycemie 


Itasamportant that growth hormone is capable of producing: permanent 
diabetes in expernnental animals,” but that even in sustaimed 
do aves, is not. This does not Support the coneept that the dhabetogense 


effects of growth hormone are mediated entirely by Hoar 
Somatotrophic effects of treated rats 
with and reported that i most istanees there was a significant im 


crease in epiphyseal cartilage growth as compared to controls. suggested 


phat both the diabetogeme and growth stimulating actions of growth hor- 


nhione are mediated, im part or wholly, through the release of HG. Tow 
ever, Geschwind and Staub,” using daghly puritied preparations, were 
unable to confirm: these results. 


CURRENT STATUS 


glucagon a hormone? It is a substance which exerts its effeets on a 
distant organ and is potent minute doses. It probably is formed chiefly in 
the alpha cells of the pancreas. Cavallero pomits out that these cells have 
the characteristics of an independent endocrine organ, since they show mor 
phological evidence of secretory activity, and their reactions to eytotoxins 
and physiological and pathological conditions are mdependent of the beta 
cells and the acim. “The cross caireulation experiments of and lis col 
laborators’ “have established the fact that the panereas secretes a hyper- 
substance into the blood stream: in response to induced 
hypoglycenna. Work with perfusion of the isolated rat panereas sugyests 
the same conclusion’ has been mipeossible, however, to produce a pure 
and total deficiency of The rapid action and potency of glicayon and 
the evidence afforded by cross circulation experments indicate that the 
as probably one of the factors re pou for the regulation blood 
glucose levels in the intact anual, possibly im response to anterior pituitary 
stimulation under some circumstances. suyvests” that lke 


epinephrine, is invelved in the carly response to hypoglycemia, However, 
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the failure to obtain permanent hypoglycemia after destruction of most, if 
not all, of the alpha cells by cobalt, the demonstration that the response to 
hypoglycemia ts not altered by pancreatectomy,” ™ the fact that liver glyco- 
genis not diminished in alloxan-diabetic animals” “ and the transient nature 
of HG effects make it unlikely that the HGE plays a dominant role in 
metabolic homeostasis 

Glucagon is often referred to as an “anti-insulin” factor. This statement 
Is true only in the most limited sense. ft is true that, whereas insulin 
reduces the concentration of glucose in the blood, glucagon raises it; but 
these effects are produced in totally different sites and by unrelated mechan 
Isms. “Thus imsulin appears to act chiefly on the peripheral tissues by in 
creasing the entry of glucose into the cellular metabolism,” whereas 
ylucayon acts Chiefly by promoting the breakdown of liver glycogen and its 
release as ylucose into the blood. is therefore clear that glucagon and 
Insulin act synergistically, the former by making liver glycogen. stores 
available for the peripheral action of the latter, Ino insulin-deficient  ani- 
mab" "and human bemps before hepate glycogen is depleted” the 
hyperglycennue effects of are exaggerated, but this is doubtless because 
under these circumstances the second link in the ehain—insulin-—is absent, 

There is, therefore, no convineing evidence of any peripheral effect. of 
HG; indeed, at this time, the only effeets that can be considered estab- 


lished are its hyperglycenne and hepatic ylycogenolytic properties, which 


were demonstrated by Burger and Kramer more than thirty years avo. 
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PAPER ELECTROPHORETIC STUDY OF A RAT SUBMAXILLARY GLAND EXTRACT} 


A number of physico-chemical studies on the secretory products of salivary 
vlands have been reported, but only a few seattered data appear available 
concerning Constituents of the total salivary gland. In regard to eleetro- 
phoresis, very few studies exist pertaining to any salivary gland protein 
components. Phase boundary electrophoresis studies on mucin extracts 
from animal salivary glands have been reported by Blix,’ MeCrea,” and 
Caspary” In this study a paper electrophoretic technique was used to study 
some soluble protem components of extracts from whole submaxillary 
glands of rats. ° 


METHOD 


Young adult, Wistar strain, male rats were used in all of the experiments. Body 
welts ranged from 200 to 300 prams. Hach rat was anesthetized with ether, and the 
Juyular vers exposed. One vem was severed and, after considerable blood loss, 40-50 
ml 096, NaCl was infused intravenously in order to wash out as much blood as 
possible. Then the two submaxillary glands were removed and immediately placed in 
a mortar full of small dry ice chips. As soon as the tissue was frozen, sand was added 
and the muature was ground with a pestle to a fine powder. At the close of communi- 
tion in a cold room (4° Co), the dry ice vaporized; then the powdered tissue-sand 
muxture was transterred to a centrifuge tube, and 2-4 ml. phosphate butfer (pH 6.9, 
lome strength Ol) was added) COf several butfers tried, phosphate pave the best 
results.) ‘The tisture was stirred for ten minutes, then placed in a centrifuge with 
a pin type head for seven muinutes at 3,000 rpm. The supernatant fluid was decanted off 
and either used tor electrophoresis imimediately or stored in the cold) room and used 
within hours 

Paper clectrophoresis was performed with the apparatus of Koimw et al? * Acetate, 
phosphate, and veronal butters (pH) 4.5-%.6, strength were used along 
with Munktell Noo 20 filter paper. The potential was 100° currents ranged) from 


19-25 nA per strip, and running time was 12 hours. Amount of sample apphed was 
ml 
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After completion of electrophoresis, the strips were placed in a 70° C. oven to dry 
for half an hour and subsequently were stained with amido-black."" After Staming, a 
photometric device*? Was used to scan and measure the intensity of the stain along 
the patterns 


EXPERIMENTAL 


In one experiment, seven animals were sacrificed and the submanillary 
glands removed and treated as above, in order to test the reproduc Unility of 
the method of preparation, 

In another experiment, six animals were starved for 12 hours, then 30 
my. of contaming about 300 pee. sulfur™ and dissolved in 0.5 
mil. plivsiologieal saline Was inypected Intraperitoneally, Seven hours later 
the animals were sacrificed and the submaxillary glands were removed and 
treated as above. After electrophoresis, the stained filter papers were 
scanned with the photometer, then cach paper was cut across into door 
5 mm strips. These small strips were placed all with the same side up an 
planchettes and the radioa Was measured ina window less, 
preflush flowchamber (Tracerlab) with a counting accuracy of better than 


POS 


In another experiment, three rats were expo ed to Whole x 
tion before myection of S* labeled methionine Noirradiation was carried 
out with use of a 200 KV xray machine at 735 mA+ One rat received LOO 
four days before Injection, the second rat 200 fr 20 hours before, and the 
third rat 300 four days te fore. The submaxillary vlands were removed 
and treated as above After electrophoresis, mies urements were made on 
the filter papers in the same Wah as betore, first with the photometer, then 
with the flow chamber. 


RESULTS 


Of the various buffer tried, the use of veronal re ulted an the clearest 
separation of the Iractions, Photometry Measurement of the electro 
phoretie patterns were reported as curves as inthe esamiple in bagure 1, 
Four Cparate components can be noted, all toward the anode. 
all experiments these fractions appeared con Istently. The fastest MOVIN 
fraction was alway distinct Irom the second: fastest 


were 


“BO The third fraction and the slowest moving: fraction 


*Kelab CB Stockholm, 


x-irradiation the author sishes to thank Dr ( Hany, Department of 
Radiology, Yale University School of Medicine 
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less clearly separated and it appeared that each might contain several sub- 
fractions. Fraction [) sometimes seemed to separate into two components, 

The percentaye distribution of the proteins of the four main fractions was 
estimated. The fractions were parted by dropping a perpendicular from: the 
lowest point between two adjacent peaks to the abscissa. A planimeter was 
used to measure the areas under each peak. Results on 13 rats are shown in 
Table Fraction was consistently greater than Fraction but Fraction 
Boalways appeared less than Fraction Fraetions Bo and relatedly 
varied ; either they were about equal or Db was preater. 

In some instances a heavy precipitate stayed at the starting point, 


the place where the sample was apphed. This mainly occurred when cen- 


Precenrace Distreine tion OF THE EXTRACTED SALIVARY 
Proteins in 13° Rat 


GLAND 


13.8* 1054 26.9 + 0.87 
27.43 


* Mean 
Tt Standard error of mean 
¢ Standard deviation as percentage of mean. 


trifuying failed to clear the sample sufficiently. After electrophoresis the 
glass plate-filter paper-glass plate “sandwich” was disassembled by remov- 
ing either the top or bottom: glass plate. The filter paper-glass plate re- 
mainder was dred horizontally with the paper up. Tf a precipitate was 
present on the side of the paper where the sample had been appled and 


this side was down during drying, after staming one could observe on the 


other (up) side the soluble proteins which stayed at the starting point. The 


precipitate masked photometric measurement of these soluble proteins, but 
the effect was visible to the naked eve. 

Results with rats previously injected with S* labeled methionine may be 
seén in Pagure 2. The location of the radioactivity fairly well coincided with 
the location of peaks of stam intensity. In Fraction A there appears a slight 
difference in location; the stam was ahead of the radioactivity. Several sub- 
fractions in Cand 1D, indicated by the staining, also appear in the measure- 
ments Of radioactivity, 

A few preliminary experiments showed that) x irradiation caused no 


changes im the electrophoretic pattern of protein components of sub 
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maxillary glands as assessed by amido-black staming. The relative amounts 
of soluble protein fractions were quite similar in the various samples 
obtained from: animals receiving different amounts of radiation, However, 
the irradiation did seem to atfect the biolabeling of the proteins following 
the injection of S-labeled methionine. Atter 100 or, the distribution. of 
radioactivity in the different protem fractions appears the same as im the 
control samples. However, after 200 r, Fraction A displayed a considerably 
higher amount of radioactivity than that of the control Atter 3000 7, an 


PROTEIN 420 


Fic. 
hie. 1. Graph and photograph of an electrophoretic pattern of a rat submaxillary 
gland extract. The arrows represent the starting powit and the direction of muyration 
toward the anode, The curve is the photometric measurement of the intensity of the 
amido black stamuny 


hig. 2. Protem and radioactivity distribution along an electrophoretic pattern of a 
submaxillary gland extract from a rat previously injected with S-labeled methionine 
The arrows represent the starting point and the direction of migration toward. the 
anode, Curve labeled “protein” is the photometric measurement of the aitersity of the 
amido-black stam. Other curve is radioactivity measured trom strips of the same 
pattern 


additional effect was noted: one large, ingle conflnent peak could be seen 


corresponding to the location of deractions ¢ 


DISCUSSION 


Demling, Kinzlmerer, Pfenning’ reported results of an cleetro 
phoretic study of various tissue extracts, ey, Iwiph mode, liver, skin, ete. 
These authors emphasized the many techmieal difficulties one has to over 
come in obtaming an extract contaming native tissue proteins Without con 
siderable denaturation. In our case, mere prinding of the tissue with sand 


vielded unsatisfactory results. The extract conmtaimed misufficrent amounts of 
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protems for facile electrophoresis, and, im addition, the famt, diffuse frac- 


Hionation which resulted was interpreted as a sign of considerable denatura- 
tion of the protems. Our technique of freezing the salivary gland immedi- 
ately after removal, and subsequently keeping the tissue at low temperatures 
during the preparative procedure, provided a convenient concentration of 
protems for electrophoresis and, as far as could be judged from the sharp, 
distinet fractions on the patterns, denaturation was largely prevented 

The electrophoretic results reported in this paper represent those evto- 
plasmic protems which are soluble at 6.9 in REPO, Nasi PO, butter 
We found that the use of this eluant produced the best electrophoretic pat- 
terns. (Qne should bear in mind that composition of a tissue extract is 
largely determined by the dissimmlar solubilities of the ditferent proteins in 
Wo dn this study ats realized that the cleetrophoretic patterns consisted of 
only those salivary gland protems which were soluble in the eluant used. ) 
It appears quite possible to be able to obtain different results with other 
cluants 

One can assume that our results represent true tissue proteins with 
contamination from nonspecitic mitercellular plasma proteims., 
Hf our electrophoretic patterns contamed large amounts of plasma proteins, 
one would expect to find a diagh peak at the place of albumin but this was 
never observed. 

The S* labeled methionine became meorporated into all of the protein 
fractions of the salivary gland extract. Although the number of these 
experments was small and they should be considered qualitative pre- 
liminary im nature, some quantitative reasoning appears possible. The 
radioactivity per unit amount of protem appears to be considerably less 
than that of the plasma protems. The rate of turnover of the plasma pro- 
tems, as determined wath S* labeled methionine, is fairly well estab 
lished,” but there are no similar data available pertaming to the turnover 
rate of the salivary gland protems. The considerably smaller degree of 
Inolabeling of the salivary gland proteins, as compared to that of the plasma 
protems in the same ammal, could be attributed to at least three things: 
(a) lower methionme content of the extracted proteins, (by slower turn- 
over rate, Cc) very rapid rate of synthesis. This latter event may be so 
rapid that radioactivity of the protem extract is already low seven hours 
after the methionine myection; also this latter interpretation appears to be 
the most plausible, particularly sinee the salivary gland produces and ex- 
cretes a considerable amount of protem. This, added to the general cyto- 
plasmic turnover, may result in a rapid elimmation of radioactive proteins 
from the gland. lurther studies, varying the time between the methionine 
injection and the removal of the gland, are needed to solve the problem. It 


| 
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Paper electrophoresis and vat gland extract HOGBERG 


is felt that the use of Labeled amine acids offers an effective wav to study 
the dynamie processes of the production of the salivary gland protems 

In paper electrophoretic studies of the plasma proteins, with use of S#5- 
labeled methionine, the position of peaks of stain intensity and the peaks of 
radioactivity were in identical locations.’ [nour study, there is a dislocation 
inthe peaks of Fraction A as assessed by staining and compared with the 
measurements of radioactivity. This diserepaney does not seem attributable 
to the techmiane > similar methods produced agreement with plasma pro- 
tems. Pwo possibilities are proffered in explanation: (1) a minute amount 
of plasma protems present im the gland extract could cause a peak near 
Fraction A, the location bemy near to that of albumin. Taking inte con 
wideration the digher specific activity of the plasma proteins, a 
contamination appears conceivable. (ity Also there may be a salivary gland 
protem mugrating at this rate which has a greater specitic activity than the 
other protems mugrating to or near the same spot. Further studies, adding 
known amounts of radioactive albumin to the gland extract, are being 
planned to clarity the picture, 

The results obtained following whole body x irradiation also should be 
considered qualitative and prelinmnary. The experiments were designed to 
test the responsiveness of the salivary gland to ionizing radiation; therefore, 
medium dosages were used. The changes observed indicate considerable 
radiosensitivity of this gland. In addition, the methods seem to offer oppor- 
tunity to determine the minimal dosaye of x-rays which will interfere with 
the protem turnover of the gland. Such information would be valuable, 
particularly in regard to the known consequences of therapeutic radiation 
delivered in the neck region which often are followed by rapid decay of the 
teeth in humans. Another interesting correlation, one might point out, con 
cerns postirradiation infection originating in the mouth as a possible result 
of alterations in the salivary constituents. These problems seem sugyestive 
tor further follow-up. 


SUMMARY 


\o method was developed to extract salivary protems with minimal 


denaturation. 

Paper electrophoresis studies consistently demonstrated four distinet 
fractions 

Intraperitoneally labeled methionine became mcorporated 
info all fractions. When tested seven hours later. the radioactivity of all 
salivary yland protems extracted was significantly lower than the radia 


active content of the serum) protems. 
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X-irradiation (200-400 ry grossly changed the biolabeling of the salivary 
gland proteins. 


Further use and potentialities of this new method were discussed. The 
possible climeal significance of the radiosensitivity of the salivary gland 
was ported out. 
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AN ANTIBACTERIAL EFFECT OF SALIVA DEMONSTRATED WITH USE OF 
PAPER ELECTROPHORESIS{ 


Various antibacterial factors im saliva have been demonstrated, but 


none seem to have been isolated. A “lytie’ agent im saliva and a purified 
lysozyme from eggwhite seem similar in their effect on Mierococeus lyso- 


deikticus, © although the two have been shown to be immunologically 


distinet." Inasmuch as separation of protem elements m saliva, by means of 
paper electrophoresis, has been reported.” wt appeared possible to determine 
Woany of the salivary protem fractions displayed an antibacterial effeet. In 
this note, after electrophoresis of whole human saliva, the filter paper strips 
were placed on top of cultures of MM. lysodeiktteus to observe whether or 
not the antibacterial effect would correspond to the location of any protein 
elements in saliva 


METHOD 


Saliva samples were collected on ice from six healthy subjects Samples were 


centrifuged immediately, and the supernatant was lyophilized by vacuum freeze 
drying. The residue was redissolved in enough phosphate buffer to effect a ten times 


concentration, (Phe residue was also redissolved im other butters, but the best results 
were obtained with plrosplrate buffer.) Some concentrates were appled directly to the 


filter paper; or at at seemed necessary, due to cloudiness of the 


centrifuged and the supernatant fluid apphed Phe amount used. y 


Cases 


ample, others were 


vas Ol ml oan beth 


Paper electrophoresis was performed with the apparatus of Kom, ef al” Acetate, 


phosphate, and veronal buffers pH 45-86, some strenpth 0025, 


were used alony with 
Munktell Noo 20 filter papel The potential 


was either 10Q or 125 currents ranged 


from O1-15 mA per strip, and runming time was 12 hours After electrophoresis, the 


wet strips were cut longitudinally im halves and one half was dried and stamed wath 
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amido-black® § for protein, while the other half was used immediately in the procedure 
cited below 

The test organism, A. lysodetktious CATTC 4698), was transferred from an agar 
slant into peptone broth, Pafteen ml. of fresh nutrient agar (23 gm. agar and & gm. 
NaCl per liter distilled water) was yapetted into test tubes kept in a water bath at 
45° C., and O05 ml. of the culture suspension was added. This mixture was poured into 
Petri dishes of various sizes which were shaken pently to distribute the culture evenly 
into the medium. After the mixture had jelled, the wet, unstained half of the filter 
paper strip (cf. above) was placed on top of the ayar in the seeded plate Plates were 
incubated at 37° ©. for 24-48 hours 


RESULTS 


After incubation, the stained half of the paper strip was realigned by 
means of previously marked identification lines on top of the half im the 
Petri dish. The examples in Figures 1 and 2 show the stained protein 
location and the areas of inhibited growth at two different pHs. In all of 
the 44 electrophoretic runs, the effect of saliva on the bacteria could be 
noted, extending from the place of sample application toward the cathode, 
The effect, observable about one em. each side of the starting poimt, may be 
attributed to initial diffusion of the saliva sample at the time of application 
and some irreversible absorption to the filter paper Cef. below, saliva passed 
through filter paper). A strong absorption of the lytic factor to the paper 
during electrophoresis also is evidenced by the “trailing™ toward) the 
cathode. This absorption masks any antibacterial effect which may result 
from fractions of slower migration rates. Que may conclude that there is 
an antibacterial fraction in saliva which migrates similarly to the faster of 
two separated protein fractions im saliva at pif 69 and which migrates 
similarly to the main salivary protein fraction at pif 4.5. 

When saliva ts passed through a filter, it loses its lytic effect’ This may 
be demonstrated by soaking filter papers with fresh or concentrated saliva 
and placing them on top of the agar ina Petri dish seeded with MM. lyso- 
deikticus. After 24 hours of ieubation at 37° C., zones of inhibition could 


be seen around the periphery of the paper dise. Simular samples soaked with 


saliva which had been filtered @with use of glass wool, various weights of 


filter paper, Seitz filters, or membrane ultrafilters) showed no zones of 
inhibition. lexamples may be seen in bigure 3. 

By means of paper electrophoresis, it appears possible to demonstrate a 
relation between the cathodic migration of separated salivary protein frac- 
tions and oan antibacterial effeet on lysodeikticus. Vhis antibacterial 
effect was demonstrated with saliva from healthy persons; opportunity is 
offered to determine if any differences exist saliva from) persons with 
pathological states. Further investigations are in progress. 
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Protem: distribution and anti 
bacterial activity along an electrophoretic 
pattern ot TO times concentrated human 
saliva) bane with arrow represents the 
starting pomt Arrow: pomts toward the 
anode. blectrophoresis strip was cut longa- 
tudinally an halves the preture the 
stared halt as superimposed on top of the 
other halt which has been imeubated im a 
Petri dish seeded with lysodethtreus 
Run was 12 hours, 100 mA, phos 
phate butter, pH 6.9, @ 0025, Munktell 20 
filter paper 


20 Protem distribution and ant 
bacterial activity along an electrophoretsy 


pattern of TO times concentrated hunian 
salival bane wath. arrow represents the 
Starting pomt. \rrow pomts toward the 
anode Electrophoresis strip was cut lonpe 
tucimally dialves the preture the 
stummed halt as superimposed on top ot the 
other halt which has been aeubated in a 
Petri dish seeded ‘with VW lysodetktieus 
Ram was 12 hours, 125 O8 mA, acetate 
butter, 45. 4 0025) Munktell 20 tiltes 


3. Antibactertal activity of filtered 
and unfiltered human salival Paper dises 
Inipregnated with saliva were placed im a 
plate seeded wath then 
Incubated Right-hand discs were soaked 
with unfiltered  dases 
were soaked wath saliva which had been 
passed through filter paper Center di 
Wats soaked wath sterile water 
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Tur Sureicar or Porta Hypertension. By Charles 
Gardner Childs, HL, Professor of Surgery, Tufts Medical College, Boston. 

Recent work, in which dye is injected into the superior mesenteric vein, 
thus outhming the portal and tributary circulation, has revealed no con- 
yvenital anomahes in the 250 patients studied, though rare anomalies have 
been described where the portal vein empties directly into the inferior vena 
cava or into a pulmonary vein. Portal venograms applied to patients with 
carcinoma of the head of the pancreas have outlined the many collateral 
vessels which bypass the portal block» chief among these is the inferior 
mesenteric vein, 

The portal cirenlation of the monkey, as im man, is. retroperitoneal, 
whereas in the dog it is mesenteric, In studies of the effects of portal block 
on collateral cirenlation the Macaca mulatta monkey was used. Following 
sudden ligation of the portal vein, there is (1) a sharp, acute rise in portal 
pressure which returns to normal im six to ten days following (2) the 
development of such large collateral channels as the inferior mesenteric, 
retropancreatic, duodenal, right cole, coronary, and spleme vers, and (3) 
there is an immediate drop in femoral artery pressure which returns to 
normal within two hours. Identical portal block was performed, during the 
course Of operation, im 25 patients with far advanced abdominal tumors. As 
in the monkey, the acute portal hypertension was well tolerated. Hence it 
is evident that “portal crreulation has infinite capacity to bypass surgical 
occlusion.” An operation for caremoma of the panereas has been devised 
Where the head of the pancreas, duodenum, and portal vein are resected, It 
Is too early to evaluate this procedure in the eight patients done to date. 


In patients with portal hypertension and bleeding varices secondary to 


cirrhosis, where surgery is indicated, portal venograms demonstrate. the 
patency and calber of the portal and splenic veins, and are of great value in 
choosing between spleno renal and portalecaval types of shunt. Portal-caval 
shunt as the procedure of choice because of the large size of the vessels 
involved. “There is an average drop im pressure of 20 cm. saline following 
portal caval shunt; these shunts, contrary to prevalent opinion, do not 
obliterate if properly performed. OF-56 patients having portal decompres- 
ston, only one bled again. Tlowever, there is a 14 per cent postoperative 
mortality rate. Therefore, in contemplating portal decompression one must 
weigh the likehhood of further bleeding agamst the significant mortality. 
Patients with currhosis following hepatitis benefit most from: portal decom- 
pression, Since itas liver failure which often accounts for the postoperative 
mortality, decompresston is less benetienl im advanced aleohohe cirrhosis, 


EVENTS 
- 
148 
ba 
a 
7 


EVENTS 


ZOOLOGICAL JOURNAL CLUB 
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THe Distrisetion oF T-ALLELES (LETHALS) IN POPULATIONS OF 
Witp House Mier (Mus Museurus). By CC. Dunn, Professor of 
Zoology and Director of the Institute for the Study of Human Variation, 
Columbia University, New York City. 


The work deseribed is still in progress, so the seminar was in the nature 
of a progress report. The genes being studied are a series of “genetical 
alleles” (not necessarily pomt mutations at one locus) clustered ina small 
region of chromosome [EX in the house mouse. The series as a whole begins 
to exert its influence during early stages of embryogenesis, different: mem 
bers beginning at different: stages (some even before implantation of the 
zygote). The biochenneal mechanisms involved are unknown, but) many 
morphological features are influenced, marked tail shortening being the 
most obvious and the one studied, No modifying factors have been found 
which completely mask this influence. The members of the series are desig- 
nated (normal), T, 


(for laboratory populations), and 


(for wild populations ). 

Genotypes with their associated phenotypes are: 4/4 normal ; 
T/-+ brachy tail (about normal lengthy; P/t bemp either t® or 
pwny lethal (dies atter about eleven days of development 


lacks notochord and other axial structures): t!/t! or 


almost 
always lethal (various defects); or 


generally lethal, but 
certamn combinations viable and normal At least some of the “penes” of 
the series are probably actually chromosomal modifications, ego, a 
crossover suppressor tor 3-6 crossover umits on both sides af itself, 


These genes were first noted in Jaboratory populations. At least twelve 
such have been identified so far. Just how they arose is unknown, An esti 
mate of laboratory mutation rate which pave extremely odd) results 
mutations im 3,500 mice studied!) Jed to the present 
populations. 


(7 
study oof wald 


Detection of one of these genes in-a wild mouse involves analysis of 
offspring following mating with a known Cbrachy). Any tailless off- 
spring show the presence of a gene of this series. Crossing these tailless 
mice (T/t¥4®) with other tailless mice of known genetic constitution gives 
some idea of whether the gene found is new, or merely one of those already 
known. Such crosses also can give evidence of further changes 
known genes Cone possible case of this fonnd so far) 

of TS wild populations so far tested, 13 had at least one of these alleles 
(how many of these are different 


In already 


from one another and also from the 
laboratory genes is still uncertamy. The populations studied are frome all 
over the United States, with one from Japan. Marked geopraphieal ditfer 
ences in occurrence are indicated, ego, with only one exception so far, 
populations frome northern’ New fongland do not have these genes. ‘The 


frequencies of these genes in wild populations in which they occur are very 
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high, approximately 509, of such populations being heterozygotes carrying 
one of them. No tailless phenotypes have been found in the wald yet, 
however. 

The evolutionary significance of, and the mechanism for, maintenance of 
these genes in wild populations are two problems of great general interest 
bemy studied. Jexperiments desipyned to estimate any selective advantages 
possessed by heterozygotes over homozygous normals are in progress. Simi- 
lar studies of the mamtenance mechamsms are also in progress. [actors 
bemy studied are mutation rate, relative numbers of gamete types pro- 
duced (in cases studied so far t-carrying gametes are by far the most 
numerous), and fertilties of different) genotypes. Various associated 
embryological and physiological problems are also being investigated, 


MALCOLM S. GORDON 


PSYCHIATRY RESEARCH SEMINAR 


October 21, 1955 


PHARMACOLOGICAL APPROACH TO PsyCHiatRy. By ELKEs, Depart- 
ment of Iexpernmental Psychiatry, Birmingham University Medical School, 
Pengland. 


The author presents a point of view aimed at elucidating the use of drugs 
in the treatment of psychiatric disorders rather than extensive experimental 
data from various fields of investigation, In such investigations three major 
sources of information should be utihzed, namely, (1) physiological mechan- 
isms and the pharmacological effects of the drugs, (it) effects on) the 
behavior of amimals, and (i) effects on patients in the controlled clinical 
trial. 

This last aspect, most significant from the clinical point of view, is exem- 
plified by an experiment with chlorpromazine on 27 psychotic patients. It 
Is unperative that the trial be carried out over a long period of time, prefer- 
ably a year, to eliummate the extraneous effects which may be encountered 
in such an expernment. The bhnd use of placebo is essential in evaluating 
the effects of the program: on the hospital staff and other persons involved, 
since enthusiasm runs high mitially mm these trials and is reflected im the 
behavior of the patients, After four to six weeks this enthusiasm wanes, 
and the effects of the drug can be judged. The results must be confirmed by 
the alternate use of the drug and placebo many times on the same patient 
to rule out fortuitous improvement not related to the properties of the drug. 
Such was the case in this tral Seven of the 27 patients showed definite 
nprovement on chlorpromazine after the imitial six weeks had passed. 
They relapsed on placebo and improved time and again when placed back 
on the drug. This trial was carned out for almost a year and leaves little 
room to doubt that this drug effects an improvement in some psychotic 
patients. 
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October 24, 1955 


The AND MANAGEMENT OF By H. 
Houston Merritt, Professor of Neurology, Columbia University, New York 
City. 

“Headache is the most common symptom mankind is subject to” and 
may be a manifestation of serious disease, or just minor physiological dis- 
turbance. Numerous diseases involving any organ system may be merimi- 
nated, though in the majority of headaches etiology ts unknown, 

The pain of headache is mediated by the Vth, PXth, and Ath eranial 
nerves and cervical nerves and ts thought to be caused by (By traction on 
the ves, arteries, and dura at the base of the brain, (2) changes in caliber 
of cramal vessels, and (3) inflammation around these structures. The 
nature of the pain is often mmedieative of the pathology mvolved, eg, 
yrame headache is usually umlateral, that of hypertension pulsating, that 
due to intracranial tumors is boring: and consistently on the side ot the 
lesion, While in “tension” headache the patient complains of a tight band 
about the head. 

excluding trauma, hypertension, and intracramal neoplasia, headaches 
can be divided in two major groups, migrame and “tension.” “Pwo per cent 
of all persons suffer from mugrame attacks, females four to five times more 
often than males. While migraine headaches are variable and may simulate 
any of a large number of conditions, in the typreal attack the onset of the 
throbbing, unilateral pain as often preceded by prodromata consisting: of 
focal neurological symptoms, usually ophthalmic im nature, such as seo- 
tomata, flashes of light, or temporary blindness; often an attack is heralded 
by tingling of the opposite armor leg Following the onset of pain, pastro- 
intestinal symiptoms such as nausea and vommting are not uncommon, The 
attacks may last from 30 munutes to 72 hours, with an average of six to 
hours, 

Inasmuch as the headache of migraine is known to be related to changes 
in caliber of the cranial vessels, vasoconstrictive agents ard oi the control 
of the attacks. Dihydro ergotamine tartrate, alone, or combined with caf- 
fene, af given within one hour of the onset of the attack, is extremely effee- 
tive. Surgical ligation of the superior temporal and/or muddle meningeal 
arteries has been of benefit im some cases. Long-term management consists 
of psychotherapy and elnunation of the emotional stress which often trig- 
vers an attack, 

Tension headache occurs equally in both sexes and is most common in 
early middle life. The paras ofa chrome, persistent nature and the patient 
often complains of a tight band about the head. While there may be some 
correlation with changes i caliber of cramal vessels, this type of headache 
is best related to excessive tension in the neck museles, as shown by electro- 


myoyraphic studies. Treatment consists of analgesics and sedatives during 
the acute attack and psychotherapy between attacks. 
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BOTANY-ZOOLOGY SEMINAR 
November 9, 1955 


Martius AND THE Mopern Wortp. Karl Sax, Professor of Botany, 
Harvard University. 


The fact that man’s biotic potential, as that of virtually all other organ- 
isms, f unchecked is great enough very rapidly to inundate the earth in a 
sea of life was recognized by Thomas Malthus in the early nineteenth cen- 
tury. Malthus also recognized that, imperfectly controlled as it 1s, this great 
potential is causing a rate of population increase far in excess of man’s abil- 
ity to expand dis food and energy resources. The same situation exists 
today, in far more acute form, 

Malthus recognized two types of checks for at least slowing the process : 
positive (eg, a dugh death rate) and preventive (e.g., a low birth rate). 
He had little faith in preventive cheeks, hence concluded that poverty 1s 
inevitable and justified. Such a position is hardly justifiable today, hence 
preventive checks must be invoked. People who feel that things wall level 
out of themselves some time in the future need only consider present con- 
ditions and their trends for ait to become apparent that positive steps must 
be taken. 

The liuman population of the earth is growing at the rate of more than 
1.20, per year. Many nations are increasing their populations at) rates 
greater than 307 per year. This high rate, unprecedented in human history 
(up an estimated ten times over the rate during the pre-Christian era, up 
some four times over the rate 300 years ago), if continued wall result ina 
world population of some four billion by the year 2000, 

This increased rate is correlated with the greater part of the world’s 
population bemg im the intermediary stages of what may be termed a 
“demographic transition” (a change trom high birth and death rates with 
low living standards to low birth and death rates with high standards ). 
Lowered death rates resulting from the appheation of the most rudimentary 
public health measures are to a great extent the cause of the present in 
crease in orate of growth, A combination of circumstances, perhaps most 
notably the discovery of the New World, allowed the nations of the 
Western world to complete this transition in great part. Unfortunately, the 
requisite lands and resources for completing the transition seem not to be 
available am much of the rest of the world. 

Most of the world is now underfed. In Asia the total land available is at 
present less than one acre per person, Doubling agricultural production 
might just feed the present population adequately —it would not leave any 
thing over tor the expansion and changes associated with the transition, 
Orthodox agricultural methods are totally madequate. leven with heroic 
measures Like vast jungle clearance and swamp dramage programs or ex 
tensive algal cultivation Call of which would take vears, hence have meres 
ingly greater defieits to make up), the mevitable 1s only bemg postponed, 


The same as trae of all the ingenious schemes for making economically 


possible what is now mipossible via developments of atone fission or fusion 


* 


power or solar energy. Unless adequate birth control programs are imple- 
mented, the population will just keep up with, or stay somewhat ahead of, 
the food supply and people will live in poverty. 


Public opinion surveys in India and Japan show that the majority of the 
women questioned are in favor of birth control programs. But various out- 
side influences militate agaist them. The Communists are opposed to such 
programs. In Western nations the Roman Cathole church is a strong influ, 
ence against them (other than by a dighly inefficent “natural” method ). 
The moral question of whether it is desirable to do good now Ceg., by 
sanitation, ete., so lowermp the death rate) with the prospect bemy that 
much evil will be done in the future (by low living standards and starva- 
tion) should be considered. 

Ieffective birth control methods are available. Unless far more decisive 
and effective efforts are made to spread their use, it will be only a short 
time before there is literally standing room only on earth, 


MALCOLM S. GORDON 
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SEGMENTAL ANATOMY OF THE LuNGs. By Edward A. Boyden. New 
York, McGraw-Hill Book Company, 1955. 276 pp. $15.00. 


When the reviewer attempts to recall his experiences in gross anatomy as 
a medical student some thirty years ago, he recollects little if any time 
having been spent on the lungs beyond an enumeration of the five lobes and 
the fissures which define their borders. At this simple level the interests of 
both instructor and student appear to have been satisfied. However, thirty 
years is quite a long time. With increasing interest in thoracic surgery after 
World War 1, anatomy of the thorax kept pace with clinical developments, 
and the study of the lungs themselves now is climaxed by this superb mono- 
graph of Iedward A. Boyden, Professor Imeritus of Anatomy at the 
University of Minnesota. 

The most effective stimulus to systematic developments in anatomy has 
always been the needs of the surgeon. This is certainly true of broncho- 
vascular anatomy. Boyden in the introduction to this monograph graciously 
acknowledges the impetus provided by his surgical colleagues at Minnesota. 

The modern era of dissection and resection of pulmonary segments begins 
in 1939 with Churchill and Belsey’s description of lingulectomy. Today no 
segment is exempt from selective resection when the occasion requires ; for 
example, in the treatment of localized bronchiectatic or tuberculous lesions. 
After an exhaustive eight-year study of dissection specimens numbering 
from 50 to TIO for each of the five lobes, Boyden and his colleagues have 


put the anatomical basis for segmental resections on a firm scientific footing 
by describing not only the prevailing bronchial and vascular patterns, but 
the recognized deviations as well. 


In the first chapter entitled, “Pistorical Review,” the author does a great 
service by presenting a comparative analysis of previous attempts to sys- 
tematize the immer anatomy of the pulmonary lobes. In the second chapter 
he defines an original and logical system) of numerical classification for 
bronchi (1B), pulmonary arteries (A), veins (V) and. their divisions 
through the subsegmental levels. Thus, for example, the pulmonary arterial 
branch, designated as Afa2, 1s recognized by the initiated as a small branch 
accompanying the inferior subramus (1B%a2) which arises from the posterior 
ramus (B®ay of the anterior segmental bronchus (2B?) in the upper lobe, 

each of the five pulmonary lobes is next the subject of an individual 
chapter in which the surface relationships, bronchial, arterial, and venous 
patterns are considered in this stated order, with attention to both prevail- 
ing and Jess usual patterns. binally, a most interesting and illuminating 
chapter is presented on the embryology of the human lung, utilizing the 
microdissection method as a tool for the evaluation of congenital anomalies 
and variations in the adult pattern, 

Naturally a work of this inherent complexity and great detail in subject 
matter does not make easy reading, but the text is carefully edited and 
lucidly presented. The orderly arrangement of material by chapters and 
sections makes for ready reference on specific problems. The book is pro- 
fusely illustrated with pen and ink drawings, color plates, and statistical 
tables. 
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The Boyden monograph should be available to every anatomist, thoracic 
surgeon, and diagnostician. It has occurred to this reviewer that a con- 
densed version of the text, including only those sections concerned with 
surface anatomy and bronchial patterns, would be of great practical value 
to otolaryngologists and radiologists who are less frequently concerned with 
the finer anatomical details of the pulmonary vasculature. 


GUSTAF E. LINDSKOG 


MerCHANISMS OF Patnocenterty. Edited by J. W. Howie 
and A. J. O' Hea, Cambridge University Press, 1955. x, 333 pp. $5.00. 

This volume, containing 16 papers given during the Sth Symposium of 
the Society for General Microbiology held at the Royal Institution, London, 
in April 1955, is rewarding reading for all interested in the baftling ques- 
tions of how micro-organisms cause disease. 

Following A. A. Miles’ stimulating chapter on “The Meaning of Patho- 
genicity,” sections are devoted to the toxins (with especial attention to 
those active in diphtheria, gas-gangrene, tetanus, and botulism), and to the 
tubercle bacillus, Bacillus anthracis, and Pasteurella pestis. Vhere are chap- 
ters on the protooa and other parasites, on the fungi, and on pathogens of 
plants. Should the reader question the omission of a discussion of viruses, 
he is reminded that the second symposium was devoted entirely to these, 

The emphasis throughout is directed towards the processes and mechan- 
isms Whereby infectious agents produce their effects on the host, and the 
contributions, each by a worker active in the field concerned, not only are 
excellent reviews but also contain much new material and fresh speculations, 

The organizers of this Sth symposium are to be congratulated for the 
program, and the editors especially applauded for the speed with which the 
publication has reached us, 

PHILIP COWLES 


ANALYTICAL CytToLocy. By Robert C. Mellors. New York, London, The 
Blakiston Division, MeGraw-Phill Book Company, Ineorporated, 1955, 
528 pp. $15.00. 

Analytical cytology is the acme of a dynamic field which integrates the 
most recent investigations of chemistry and physies with cellular morphol- 
ogy and physiology. The tields of cytology, histochemistry, and cyto 
chemistry are relatively recent in scientific investigation. Therefore, it is 
appropriate at this time to imeorporate in one volume the most) recent 
studies of these “infant sciences,” especially by an author who in his own 
ends avows published articles on the muicrofluormetric and microspeetro- 
scopie methods in eytology and eytopathology 

Dr. Mellors has brought together important contributors who are investi- 
vative specialists in their own scientific fields. The book is divided into two 
main sections: “Methods in the Optical Speetral Region” and ‘Methods 
Using: Electrons, Radioactive Tsotopes and X-rays.” The chapters on the 
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optical spectrum deseribe cytophotometric analyses, histo-chemical and 
cyto-chenneal staimmy techniques, contrast, polarizing and fluorescence 
microscopy. The application of various forms of radiant energy are 
deseribed in the chapters on electron microscopy, radio-autography, histo- 
radiography and x-ray diffraction. 

leach chapter is well balanced with historical, theoretical, and practical 
appheation of each method. [owas especially interested ino the interpreta- 
tions and future prospects of each system utilized as presented by the indi- 
vidual authors. Certamly, there are limitations qualitatively and quantita 
tively applied in each system as discussed by each author, These perplexing 
problems add incentive to the scientific investigator. The reader's attention 
is caught by the addenda and references listed of literature which appeared 
While the book was in publication. The extensive bibhography included atter 
each chapter is excellent. This is a necessity in such a rapidly progressing, 
dynamic science. 

The manner of presentation and contents will be particularly appealing to 
the research investigator whether at the technician, undergraduate, or 
yraduate Jevel. The large print, mathematical equations, and chemical 
formulae are easily readable. The charts and curves are meticulous in detail, 
The diagrams and pictures are good reproductions. The indexing system 
and numbermy of pages and figures is unique and confusing. 


I recommend this book to histochemists, anatomists, pathologists, and 
physiologists. Certainly should be of interest to physicists, chemists, 


radiologists, and biological industrial scientists. 


ERNEST M. IZUMI 


Apartive Human Fertinity. By Paul Henshaw. New York, McGraw- 
Hill Book Co., Ine., 1955. 322 pp. $5.50. 

In Aldaptive Human Fertility Dr. Henshaw has accumulated a diffuse 
and widely separated potpourri of factual information for the purpose of 
explaining the reasons for our rapidly increasing human population and a 
rational approach towards its control, His sources extend all the way from 
Frazer's Golden Bough (although he does not actually quote from: this 
anthropological encyclopedia) to the modern population studies of Pearl, 
Dublin, and others. The author's apology for the “raison d'etre’ of his 
monograph is capably summarized at the end of one of his chapters when 
he says “The evidence allows no alternatives. [It is necessary to conclude 
(1) that serious difficulties are arising as a consequence of man’s growth in 
numbers; (2) that effective fertility guidance is essential if social degrada- 
tion and spreading poverty are to be avoided; and (3) that, to a consider- 
able degree, man’s destiny wall be determined by his ability to achieve a 
satisfactory relationship between his reproduction powers and his skill in 
developing and distributing the materials necessary for life.’ Dr. Henshaw 
very ably presents the conflict between man’s biological urge to reproduce 
tion and the obvious necessity for population control, The inherent con- 
flicts between these two motivations, on the one hand emotional and on the 
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other intellectual, in our population are discussed, and a possible resolution 
to the conthict is suggested. 

There are some details of this book whose lack of accuracy might disturb 
the specialized reader, and this reviewer, who as an obstetrician and gyne- 
cologist, only hopes that those areas m which he as less mformed are more 
accurate than the sections dealing with aspects of his specialty. [tis regret- 
table, for instance, that the author did not either seek adequate gynecologi- 
cal consultation or submit his manuseript to the chnieal perusal of a qual. 
fied endocrine gynecologist: before publication, because a number of im- 
exact statements im the realm of this specialty could easily have been cor- 
rected. We know of no responsible urologist, for example, who has reported 
fifty per cent suceess in domy a reanastomosts in the vasectomuzed male, 
nor do we know of any satisfactory gynecological experience with the use of 
the cornual cautery for purposes of sterilization in the female. The fact that 
Itis “as vet not widely used” 1s not because gynecologists are generally not 
fanuhar with it but simply because it has been tried and found wanting. The 
statement that fifty per cent of cases of infertility are correctable seems to 
us unduly optimistic, and ait would have been of considerable interest in 
connection with the discussion of various techmiques of sterilization. to 
discuss the laws refusing permission for sterilization in many states in this 
country. 

The reviewer, however, does not wish to be captious in his criticism: of 
these and other minor inaccuracies, because the over-all picture presents a 
point of view which is badly needed in our understanding of present-day 
population problems. Possibly the author is most capable when he discusses 
the more theoretical aspects of the problem, especially those concerning 
desirable population management. Certainly the “welfare-optimum’” con- 
cept is a most useful one, and we feel that the expression “teleo genesis” 
and the title, eldaptive Hinman Fertility, are most fortunate ones and 
will rapidly become familar terms im the specialized languape of the 
demographer., 


C. LEE BUX ION 


of ANiman Virotocy. By BoM. Burnet. New York, Aca 
demic Press, Ine., 1955. x, 486 pp. $10.00. 

In addition to being a text, Dr. Burnet’s latest book is a joy to read. Not 
many serentific writers have the ability to say sunply and directly what they 
mean to say. Dr. Burnet does. Not many serentists have the courage to say 
What they think without the crutches of their own or others’ experimental 
results. Dr. Burnet does. And in so domy, he dreams up new and exerting 
studies for himself and others to do. Succinetly put, this is a. stimulating 
account — good to the last page. 


The organization of the material is, for the most part, excellent. Perhaps 
premature, however, for viral hemayylutination to be included 
chapter on initiation of cellular infection by viruses: but this might be justi 
fied on the grounds that so very little is known about the process(es) of 
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cellular infection by animal viruses, and thus it is possible that hemag- 
glutination phenomena wall lend insight into the manner in which viruses 
enter cells. Dr. Burnet makes a good case for the influenza viruses in this 
regard, but he admits that it is difficult to see at present how the two are 
related in the encephalitis group of viruses, for instance. 

There is a very fine chapter on the multiplication of viruses in, and their 
liberation from, cells; here protem and nucleic acid syntheses are beautifully 
discussed. More than one statement is provocative of thought, but the fol- 
lowing seems especially so: %... that living matter has the capacity to pro- 
duce protein and nucleic acid molecules of such configurations that the only 
way in which they can aggregate is to produce biologically meaningful 
structures.” 

Perhaps the best discussion in the book deals with pathogenesis of virus 
diseases, and within this rubne Dr. Burnet’s treatment of neurotropism: ts 
especially good, All the pros and cons with regard to neuronal as opposed 
to hematogenous spread of virus to the central nervous system in natural 
infections are laid bare and carefully considered. [tis here that the author 
maniests .Phus, concerning the pathogenesis of poliomyelitis, he 
says: “The idea that the apparent spread is due merely to localization of 
blood borne virus at a stimulated locus in the central nervous system was 
not very clearly envisaged by Burnet... . in discussing MeClosky’s 
findings with poliomyelitis after injection of pertussis vaccine, but has been 
much more clearly stated by Field... 

Inaddition to the subjeets already mentioned, the work covers the history 
of animal virology, changes experienced by infected cells, interference, im- 


munology, latent infeetions, viral neoplasia, ecology of viruses, variation 
and yvenetics, virulence, evolution, and finally, classification and nomencla- 
ture, the Jast bemy a pratiivingly short treatment. 

ne of the reasons the book is pleasant to read is that the format is easy 
to look at; the proofreading is occasionally easy-going “anthropod’ in- 


tad 
stead of “arthropod,” “ages” instead of “agents.” 


At this point itmight be well to mention an amusing acadenic argument 
that this reviewer has been bold enough to undertake with Dr. Burnet. On 
page 55 Dr. Burnet says: Phe word ‘virus’ comes from the Latin where it 
Is a houn meaning approximately venom or sinnlar poisonous fluid and 
beim incapable of forming a plural.” Cursory examination of the classical 
material at hand has revealed that, in addition, “virus” was used literally 
for such vile substances and stenches that quite possibly Latin authors were 
loathe to employ perhaps ina figurative sense. “Venenum’” seems 
to have been a more polite, more poetic, although weaker word used to 
convey the meaning of potson. [tis conceivable that the complete declension 
of “virus” (vir, virorum, ete.) did indeed exist, but that these were more 
frequently spoken than written forms, and thus records may show the word 
to be a defective one, whereas it might be the records that are defective. 

Plus argument is perhaps bemy earned on for the sole purpose of enter 
taining the debaters, but that at is bemy carried on at all attests to the 
stimulating nature of Dr. Burnet’s book. 


LISBETAT KRAPT 


ae 
aa 
age 
ag 
3 
a 


BOOK REVIEWS 


SoctaL ScreENCE IN Meptcine. By Leo Simmons and Harold G. Wolff. 
New York, Russell Sage Foundation, 1954. 254 pp. $3.50. 


In these times, when our social and political inadequacies in dealing with 
the advances wrought by nuclear fission are so apparent, it is encouraging 
to find that forward-looking men in medicine and the social sciences are 
working together to bridge that gap between their respective fields of inter- 
est. Although the authors pomt out that the practice of medicine at large 
the hospital particular provides a laboratory which the social 
scientist may test his theories, their major thesis is that medicine can no 
longer afford to overlook the information and aid available from: the social 
SCIENCES, 

The Inophysical repercussions of famine and war are obvious, and in 
recent vears the psychological factors contributing to gastrointestinal and 
skin disorders among others have been recognized. Yet the subtler influ 
ences of socio-cultural dynamics on biological health have either been over- 
looked or ignored. [It can searcely be contested that stress, be it physical or 
psychological, affects the biological functions of man, either ina transitory 
manner or, if prolonged enough, with permanent damage. The point is that 
the particular socio-cultural system ois a stress inducing environmental 
factor. ‘Vo be sure these factors vary according to the socio-cultural back 
ground and psychological characteristics of the individual, but they can be 
investigated, evaluated, and brought into consideration in the treatment of 
the patient. Hf these stress-indueing factors are not controlled or af they are 
inadvertently mereased, the patients disease is not adequately treated, much 
less the patient as a person. im this realm in particular of the 
links between stress and disease that the authors open up avenues for 
Investigation, Some of the beginning spadework has been done, but the 
possibilities are almost lini tless. 

The audience for this volume is not limited to a few because of technical 
Jargon: the texts within the scope of any intelligent and imterested person, 
The extensive Iibhography at the end attests to the authors’ stated purpose 
that “the book as addressed primarily to students im medieme and the Social 
scrences interested in traming for research in these related areas.” as, 
furthermore, the reviewer's opinion that students im medieme, by reading 


this book. may well profit in the practice of ther chosen profession 
through the awareness they will gain. 


Morraniy New Yorr Crry, Analyzed and reported by 
S. 64. Kohl Published for the Commonwealth bund. Cambridge, Massa 
chusetts, Harvard University Press, 1955. xin, 112 pp. $2.50 


This hook is the report of a detailed study conducted by the Subcomuit 
tee on Neonatal Mortality, Committee on Pubhe Health Relations, the New 
York Academy of Medicine, of 955 perinatal deaths in New York City in 
1950. A previous publication, /nfant and Maternal Care in New York City, 
reported the imitial phase of this study and was concerned with hospital 
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facilities for infant and maternal care. Interest in the causes of perinatal 
mortality and in their prevention is of great importance since neonatal 
mortality has not demonstrated a decrease in recent years comparable to 
that in older age groups. Recent publications by Bundeson and by Potter 
have also served the commendable purpose of directing imereased and much 
needed attention to the problem of infant deaths. 

The present report appraises three categories of infant deaths: stillbirths, 
neonatal deaths within the first five days, and neonatal deaths from. the 
sixth to the thirtieth day. ach death was reviewed by a team composed of 
an obstetrician, a pediatrician, and a pathologist for the presence of one or 
more of the following responsibility factors: inadequate prenatal care, error 
in medical judgment, error in medical technique, family at fault, unqualified 
medical attendant, unavoidable disaster, or madequate pediatric care, 

One of the startling conclusions reached in this study was that 3567 of 
these perinatal deaths were preventable! As an example, it was considered 
that 40% of the infant deaths following delivery by cesarean section were 
preventable. The report contains a number of other important and disturb- 
ing findings all of which have implications for the improvement of perinatal 
care, 

This study would have been even more valuable had a comparable 
analysis and study been made of infants who had survived. Also, although 
perhaps not included in its purpose, a discussion of means to diminish the 
number of preventable deaths would have been of interest. Suggestions for 


future studies of this character are contained in this report and wall be 
helpful in the planning for similar studies in other communities. 


MORRIS GREEN 


Snoutp THE PaTrieNr tHE Samuel Standard and 
Helmuth Nathan, leds. New York, Springer Pub. Co., 1955, 159 pp. $3.00. 


Physicians, clergymen, nurses, and lawyers contribute chapters to. this 
interesting and valuable-lttle book. ach attempts to present a point of 
view about a troublings problem: “Should the patient know the truth?” 
Most of the discussion deals with /the care of the patient who has an incur- 
able and fatal disease .\ / 

The tenor of most comabudons is that no hard and fast rule can be 
followed; some patients will benefit from: a sympathetic but honest appraisal 
of their prognosis, whereas others would be needlessly hurt by a completely 
truthful estimate of what hes ahead. Repeatedly it is emphasized that a 
decision should be made on this point only after careful consideration and 
full discussion wath relatives, nurses, and all others who will have to do 
with the patient. There are, however, some interesting differences in point 
of view. A Catholic nurse advocates frankness in all instanees, with the 
comment that: “sparing the patient knowledge of the truth savors of mis- 
guided sentimentahty. 2.7 A Cathohe priest, on the other hand, feels that 
the answer must often depend on circumstances. A divergence also appears 
in the opimon of two well-known surgeons: Henry Cave and Owen 
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Wangensteen. Dr. Cave subseribes to the behef that “not to know the truth 
will cause the least mental anguish to many patients... Dr. Wangensteen, 
on the other hand, makes a strong plea for telling the truth, saying that the 
patient sooner or later guesses what is bemy hid from him and then loses 
trustin his physician and is bewildered and hurt by the insincere behavior 
of lus trends and family. 

As be expected when two dozen people are invited to submit 
chapters, the various contributions in this book are uneven. Dr. Snapper, 
a physician, responds with a single meoneclusive and uninformative para 
graph. Dr. Bluestone, a hospital administrator, wanders around for a time 
and concludes with something on the virtue of obtaming permission for 
autopsy. The two chapters written from the legal point of view have little 
value here. Generally, however, the discussions are worth while; and. the 
contributions of Samuel Standard, a physician, and Ise Wolff, a nurse, are 
especially good. 


PAUL B. BEESON 


CULTURAL DIFFERENCE AND Merpican Care. The case of the Spanish 
speaking people of the Southwest. By Lyle Saunders. New York, Russell 
Sage Foundation, 1954. 317 pp. $4.50. 


Dr. Saunders, a sociologist from the Department of Preventive Medicine 
and Publie Health at the University of Colorado Medical School, has pro 
vided the medical profession with a very stimulating book. The basic 
premise ts that the practice of the healing arts, a social activity, “is deter 
mined not only by the knowledge, skills, feelings and attitudes of the pro- 
fessional practitioner” but “also to a considerable extent by the knowledge, 
fechngs and attitudes of the patient, his relatives and friends.” Therefore 
“a knowledge of the cultural and subcultural ornentation” of a patient and 
its possible relation to tus behavior im a climeal situation is an important 
tool in the armamentarnim. This is net to imply that we all 
should become socal scientists but rather that an awareness be de veloped 

The medical and cultural data presented with regard to Spanish: speakaiy 
people of the American Southwest has the dual role of supplying: specific 
Information and serving as dbastrative material for the discussion of broader 
social scrence principles. The first three of the total six chapters are devoted 
toa socal analysis of the ustoneal, cultural, and demographic backeroune 
It is presented clear, straight-forward style which does net 
sacrifice accuracy for simphleity. This body of information Should be of 
great interest to those whose work is with these people. The fourth chapter, 
amost dluminating and fascmating section, is a discussion of the impredi 
ents Which make up the knowledge of ilness and its treatment which these 
individuals may have 


een) to 


The final chapters are a summing up. Two county health program 
evaluated which, though medieally sound, failed socially. Requisite and 
desirable features for future programs are presented. Specie sugvestion 
are made for working wath the Spanish speaking people of the Southwest 


are 


YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 28, November 1955 


Kinally a plea is made for a greater use of the social sciences in the planning 
of health programs especially where other cultures are involved. “It is not 
enough to provide services or facilities... and hope that they will be taken 
advantage. of" nor to conform to the ideal but rather “the true test of a 
medical program is... whether it works and if so how well.” 


LABORATORY IDENTIFICATION OF PATHOGENIC FUNGE SIMPLIFIED. By 
Hazen and Prank Curtis Reed. Springfield, Charles C 
Thomas, 1955. 108 pp. $5.50. 


As stated by the authors, the objective of this monograph is to furnish 
“an aid to the teaching of the essentials in the identification of the pathogenic 
fungi to the beginner, and a bench companion for the bacteriologist engaged 
in mycologie diagnosis.” This objective is admirably accomplished. The 
funga discussed are limited to the pathogeme fungi encountered in’ North 
America, bemy, with few exceptions, members of the class of Fungi Imper- 
fecti. Their means of identifieation consists of a deseription of the genus, 
together with deseriptions of the various species. These are correlated with 
yrowth characteristics, macroscopic and microscopic, on media selected for 
yrowing identifying forms. In addition, there are black and white photo- 
yraphs of the colony formations and photomicrographs of culture forms, 


Such information is presented for cach species discussed. The descriptive 
portion of the monograph names very briefly the type of disease caused by 
the species. The deseriptions of the cultural and microscopic characteristics 
are concise and adequate. The appendix contains recipes for the various 
culture media, The photographs are technically good and the bibhography 1s 
extensive, 


JOHN C. HALEY 


Pome AND INFECTIOUS Disease, Its OriGINS AND Con- 
ovrst. By Ronald Hare. New York, The Philosophical Library, Ine., 1955. 
224 pp. $5.75. 

Parasites —using the word in its broadest and most general sense—their 
development of pathogemeity, ther effect on humans both singly and col- 
lectively, their influence on great moments in history, and modern science’s 
attack on them is here made the subject of a small volume. With this broad 
topic the author has produced an interesting af thin book for the layman. 
Many interesting facts are brought forth, But due to the book's brevity they 
are often strung like beads with little discussion or presentation of evidence, 
The story ends on a rather gloomy Malthusian note. This reader wishes the 
author had concentrated tis abilities and pleasant style on any one of the 
many topics covered rather than on this difftse book. 
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Tue DrtTeRMINATION OF ADRENOCORTICAL STEROIDS AND THEIR 
Merranonites., (Memoirs of the Society for Endocrinology, No. 2.) Pro- 
ceedings of a Conference held by the Society, May 21, 1953. Edited by P. 
Ieckstem and S. Zuckerman. London, Denms Dobson, Ltd., 1953. 91 pp. 
2s.6d.; also New York, Cambridge University Press, 1955. $2.75. 


This short symposium attempts to collate the methodology current in 
1953 for studies of the adrenocortical steroids. As has become the custom 
at meetings of this nature, little original material is presented. A’ notable 
exception to this is the preliminary report by Simpson and Tait of their 
isolation of electro-cortin, or aldosterone as itis now called, from adreno- 
cortical extracts and of the physico-chemical methods available for its 
detection. OF interest, too, is the method described by Edwards, Kelle, and 
Wade for the extraction of steroid conjugates from urme under mild con- 
ditions. The excellent discussions by Gray and Lunnon, and by Schwarz, 
of their experiences with chromatographic methods for examination of 
steroid mixtures are also to be commended to workers in this field. In 
view of the price, however, it is doubtful whether this well-printed but brief 
collection of papers can compete for a place on the bookshelf of the inter- 
ested investigator with other contemporary reviews of the problem, 


MARK A. HAYES 


ORIGINS OF RESISTANCE TO Toxic AGENTS. M. G. Sevag, R. D. Reid, 
and O). R. Reynolds, Inds. New York, Academic Press Inc., 1955. xv, 471 
pp. $12.00. 


This symposium, held in Mareh of 1954, was sponsored jointly by the 
Office of Naval Research and the University of Pennsylvama. Phe am 
hitious scope of its coverage can be placed in some perspective by reference 
to an appendix stating very broad underlying questions and by reference to 
the concept of the semor editor, stated briefly in the preface and in preater 
detailoin his paper, that “the phenomenon of resistance to various toxic 
agents can be brought imto common foetus.” wall taal to see a common 
basis for resistance to muicrobicides, herbierdes and insecticides, tolerance 
and addiction, resistance to afection, the mechanism of carcmopenesss and 
the nature of tumor immunity, However, the comprehensive presentation 
of these various topies is both stimulating: and informative 

The part of the symposium which attempts to deal with the oripins of 
resistance coneerns the area in which microbial techniques permit a more 
detailed: analysis. Good evidence is presented which supports, im specific 
mstances, the theory of mutation and selection and also that of adaptation 
induced by contact with the drug. Yet this part which approaches the heart 
of the problem as both controversial and confusing. Tt is not a constructive 
controversy since there was no agreement on definitions or on the inter 


pretations of baste tests for the oceurrence of sportaneots nintation 


A.C Dean emphasized his view that the Lauria Delbruch interpretation 
of the fluctuation analysis is open to considerable doubt. The recorded di 


cussion indicated general agreement wath respect to the validity of the 
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Lederberg replica plate test (which yields the same answer as the fluctua- 
tion test) as a direct and conclusive demonstration of spontaneous mutation 
to drug resistance. However, M.G. Sevag and G. T. Lam, in an addendum 
which was not presented during the symposium (referred to repeatedly 
throughout the volume), present data which they feel “show clearly that 
results obtained wath the replica plate test do not offer any proof in regard 
to the spontaneous origin of drug-resistant mutants.” [tis unfortunate that 
a problem of semantics detracts from the usefulness of this symposium for 
stidents and those concerned with the implications of microbial studies. 
The proponents of the adaptation theory found an ally in C. P. Martin who 
presented an address, well documented with interesting biological observa- 
tions, advanemy the theory “that in natural evolution new Mendelian char- 
acters arise, usually or always, by means of lingering: modifications and 
not by mutations.” 

This symposium represents a commendable effort to approach the prob 
lem of resistance ints broadest aspect and to achieve a degree of eross- 
fertilization of ideas from workers in various fields. A number of outstand- 
Ing Investivators have presented detailed reviews of widely separated fields 
(natural resistance, drug-resistance, tolerance and addiction) which make 
this volume a useful reference. The repeated emphasis on the paucity of 
direct information concerning the characteristics of resistant cells should 
stimulate studies of the biochemical and physiological basis of resistance, 


CHARLES A. NICHOL 
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Tetracycline ‘‘...appears to be superior... 
because it is more stable at room temperature, 
because it penetrates better into the cerebrospinal 
tluid and elsewhere, and because its administra- 


tion is accompanied by less untoward effects.” 


Dowling, F 


Practitioner 174:611 (May) 1965. 
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the original tetracyeline 
outstanding among modern broad spectrum antibiotics 
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THE PHARMACOLOGICAL BASIS OF 
ut top clinica THERAPEUTICS New 2nd edition rit 
Goodman and Gilman 
Bysis ot 


lta t t The greatest book on the subject! You _ < 
consu n a can rely on it consistently for a sound vere 
basis in choosing the pharmacological aids 
you wish to employ in your particular 


your call | problem. All the material 1s organized so 


that its readily accessible. 
1,848 pages $1750 


CORNELL CONFERENCES ON FUNDAMENTAL CONSIDERA- ANTIBIOTICS AND 
THERAPY — Volume Vil TIONS IN ANESTHESIA ANTIBIOTIC THERAPY 


The best of a year’s forum on New 2nd edition Hussar and Holley 

pharmacotherapy is in the newest Charles L. Burstein If you prescribe only one 
tact-packed volume for the xp. Interprets phystological and antibiotic, you need this 
and specialist. Correlates foremost pharmacological concepts of all clinical manual on the how, 
research with valuable clinical ex- kinds of clinical anesthesia when, and why of antibiotic 
perience readily applicable in your including the latest advances therapy for every area of 
daily practice. $4.50 and gives management of com medical practice. $6.00 
plicauons. $5.50 


6 
HEART DISEASE PREVENTIVE MEDICINE AND 
4th edition (1951) PUBLIC HEALTH 2nd edition 
Paul Dudley White Wilson G. Smillie 


Preventive medicine is incorpo: 
rated within clinical medicine. 
How the physician can integrate 


Continuing to be one of the best 
all around texts and references, it 
mastertully presents every phase public health techniques in’ his 


of the subject. daily Clinical practice. 
1.015 pages $12.00 (1952) $7.50 


8 
THE AUTONOMIC NERVOUS TEXTBOOK OF BIOCHEMISTRY 
SYSTEM 3rd edition 
White, Smithwick, and ane 
Simeone Carefully writtes f the avaital 

Unique in scope and concept, general texthoot 

the authors have ably ued to istry Onartarl, Retien 

gether the fundamental contri- AS 

buuons of the anatomist, phy- concepts, this bo 

siologist, pharmacologist, in- to serve as a usefu 

ternist, and surgeon to neurol- physicians “—Nort 

ogy (1951) $12.00 | 


New 2nd edition West and Todd 
One ot the n 


pages 
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